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INTRODUCTORY REMARKS 


Red light is perceived by the primary leaf of the Avena seedling, and produces 
or activates an unidentified substance, which we termed the red-light factor 
(R.L.F.). Red light also reduces the content of indole-3-acetic acid (I.A.A.) in 
the coleoptile, and increases the first positive phototrophic curvature induced by 
blue light. At low I.A.A. concentrations the R.L.F. enhances the growth rate: 
the curve presenting growth as a function of the I.A.A. concentra-ion, which 
normally shows a single peak, is in this way transformed into a two-peaked curve. 
The “disposition” phenomena in phototropism are due to the interaction of the 
R.L.F. and I.A.A. The implications of the use of red light for the commercial 
growth-substance tests were studied. Far red light too reduces the I.A.A. content 
of the coleoptile, but it counteracts and eventually annihilates the effect of red 
light on the formation of the R.L.F. 


CHAPTER I 
INTRODUCTION AND, METHODS 


1. INTRODUCTION 


The dark rooms in which experiments with Avena coleoptiles are 
made usually are lighted with orange or red light, although it 1s 
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known that coleoptiles do respond in some way to these regions of 
the spectrum. . 

According to BLaauw (1909) and to ZoLiiKoFER (1920) red light 
has a phototropic effect on the coleoptiles, but later investigators, 
who probably used a purer red light, could not confirm this effect. 

An feffect of red light on the growth of coleoptiles was found by 
Vocr as early as 1915, and this effect was confirmed by Konrncs- 
BERGER (1922), Avery (1937), ScHNEIDER (1941), LivERMAN and 
Bonner (1953) and De Lint (1957). 

It seemed at first sight unlikely that red light would affect the rate 
of growth, but not the phototropic response of the coleoptiles, as a 
phototropic curvature is due to a difference in the rate of growth 
at the opposite sides of unilaterally illuminated coleoptiles. For this 
reason we decided to see for ourselves whether there was a photo- 
tropic response. To this end we placed coleoptiles in a spectrum, 
and observed that phototropic curvatures were actually formed in 
the red part of the spectrum too. On closer examination this phenomenon 
appeared to be-due to scattered blue light, but a rough estimate of the 
intensity of the scattered light showed that the latter could not have 
caused a curvature of the size that was actually obtained. 

This suggested that the red light itself did not induce a curvature, 
but that it influences the phototropic response to blue light. This 
possibility was investigated in a series of experiments described in 
this paper. 


2. MATERIAL AND GENERAL *METHODS 


The experiments were made with seedlings of Avena sativa c.v. 
““Stegeshafer’. Unhusked grains were thoroughly wetted by shaking 
them in tap water, and put to germinate on moistened filterpaper 
in a closed petri dish; the latter was placed under an orange lamp 
at a temperature of 22° C. After 24 hours the grains were planted 
in moist vermiculite or in glass holders in a dark room which was 
kept at the same temperature of 22°C and at a relative humidity 
of 75 %. When the plants were 88 hours old, they were used for the 
experiments. 

All solutions of indole-3-acetic acid (I.A.A. or heteroauxin) were 
made with tap water containing 750 mg/l KCl and 0.2 ml/l glacial 
acetic acid. 

The orange light was obtained from incandescent lamps (220 Volt, 
20 Watt) by the use of Schott OG 2 filters. Monochromatic light was 
produced by an incandescent lamp (12 Volt, 100 Watt) in combination 
with a set of lenses in order to get a parallel beam and with an inter- 
ference filter made by BaLzeER (Liechtenstein), of which the tolerance 
was 0.5 %. Monochromatic light of higher intensity was obtained 
by the use of an approximatively parallel beam from a more powerful 
incandescent lamp (60 Volt, 3000 Watt) in combination with a 
similar interference filter. The light intensity was measured either by 
means of a thermopile after Mott (Kipp, Delft) or with a barrier- 
layer cell from Tungsram. The sensitivity of the thermopile was not 


THE INFLUENCE OF RED AND FAR RED LIGHT ON THE AVENA SEEDLING 3 


sufficient for the measurement of the lower light intensities. There- 
fore these measurements were carried out by means of the barrier- 
layer cell which was calibrated for each wave length by means of the 
thermopile. As an indicator instrument a ZERNIKE galvanometer 
(Kipp, Delft) was used. In view of the large variability of the plant 
material no greater precision than 10 °% was aimed at. 
Whenever an exact wave length is mentioned, transmission spectra 
obtained with the interference filters are meant; Fig. | is a representa- 
tive example of such a spectrum. The half-peak width in each case 
is + 8 my. A summary of the light sources and filters that were used 
and of the light intensities that were obtained are given in the 
table on page 4. The figures given in the tables on experiments are 


% transmission 


30 


25 


A in mu 
0 1 L n Le at 
440 450 460 470 480 490 500 510 520 530 540 


Fig. 1. Example of a transmission spectrum obtained by means of an inter- 
ference filter. 


the mean values of the curvatures, or of the rate of growth, measured 
in a number of coleoptiles. The variation is expressed as the standard 
error of the mean: 

S Ey = 4/2 e=™ os 


n(n— 1) 


n = the number of coleoptiles (always mentioned between brackets) 
Y(v—m)? = the sum of the squared deviations from the mean. 
Sometimes the results are given in the form of a graph. The figures 
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| 
: | _ Light source: | Palten 
Light incandescent bulb ne ee . to al eheintensite 
sora ree niny. Pte Koo, | se | in ergs/cm? sec. 
colour, resp. energy | tension kind | ‘ansmission | 
wave length | in Watts) in Volts | maximum at A | 
eet 
| | | 
Orange 20 220 | Schott 5550 mp 400 
Green | 75 220 | Schott | 520-620 mu 400 
Ain mu 
480 ee LOOR WD | wean, ite 477 mu 0.5 
| 3000 60 int. f. 20 
560 100 WD |) tain 8 562 mu | 0.6 
3000) 60 milters 20 
580 | 100 12 int. f. 586 mu 0.5 
600 | 100 1 eestta tents 595 mu 0.9 
620 100 12> | invii) | 614 mp 1.4 
640 | 100 I |) sina 644 mu iL) 
660 100 12 int. f. | Oitmaa al 
3000 60 int. f. 70 
680 100 12 int. f. 682 mu 28 
700 100 2” ||| hatte ate 702 mu 23 
740 100 2 || tots | 741 mu 2D 
3000 12 int. f. | 50 


from which the graphs were drawn, are, moreover, always given in 
a table. 

The following general policy was pursued: whenever a conclusion 
was derived from the results of two or three experiments of the same 
kind, we did not try ‘to test its validity by repeating the same experi- 
ments, but by checking its’ implications. 

Where small differences between experimental series are to be 
expected, this method presumably should be preferred above an 
attempt to reduce the error of such a difference by greatly increasing 
the number of experiments. 


CHAPTER II 


INFLUENCE OF ORANGE LIGHT 


1. EXPERIMENTS ON PHOTOTROPISM 


In the first place we investigated whether orange light influences 


the size of the curvature induced by unilateral illumination with 
blue light. 


MetTHOopD 


Germinated seeds were placed vertically, with the embryo pointing 
downwards, in vermiculite, 8in a row. The plants were kept in absolute 
darkness, except for a period of ten minutes 46 hours after they had 
been placed in the vermiculite, at which time they were watered. 

When the plants were 88 hours old, each series of 8 plants was 
transferred, also in absolute darkness, to the illumination apparatus. 
The coleoptiles were exposed with their narrow side to an unilateral 
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illumination with different amounts of light of A = 480 my, either 
at once or after a previous illumination with light of a different 
wave length. 

1 hours after the illumination with hght of 2 = 480 mw the 
coleoptiles were severed from the seeds, placed on photographic paper 
and shadowgraphed. The curvatures were measured by means of a 
protractor. 


EXPERIMENTS 


Coleoptiles, whether pre-illuminated from above with 36 « 104 
ergs/cm* orange light or not pre-illuminated, were illuminated 
unilaterally with progressively larger amounts of light of A = 480 my, 
which all induced a first positive curvature. . 

In Table I the curvatures measured in two experiments are given. 
The results of experiment I have been plotted in Fig. 2. 


TABLE I 

: es Pre-illuminated with 

Exp. No sede eer Not pre-illuminated 36.104 ergs/cm? 

: mn eS curvature in degrees orange light 

curvature in degrees 

I I 6.3+0.5 (6) 47+08 (8 

2 104+ 1.6 (8) 90+08 (9 

3 12.8+1.1 (8) 90+09 (7 

5 [20S 12 a (G) 164+14 (8 

20 12.0+1.1 (10) 21.1+4+1.0 (7 

120 8.5 +0.3 (12) 22.9+1.0 (8) 

Wt 8.0+2.5 (4) 7.7+1.0 (6 

5 1440+ 1.0 (9) 21.2+1.0 (6 

10 1440+0.9 (7) 23.2 + 3.2 (9 

20 13.7+1.0 (7) PR) ae Oo) (C9) 

30 25 +14 (8) 19.4 + 1.8 (5) 


From these experiments it appears that orange light undoubtedly 
influences the phototropic curvature of the coleoptiles in such a way 
that the maximum value is enhanced from 14 to 23 degrees, which 
really seemed surprising. 

Now the question arises why no curvatures, are observed after 
unilateral illumination of the coleoptiles with red or orange light. 
This might be explained by the aid of various suppositions. 

a. The coleoptile contains but a very small amount of the pigment 
that absorbs the orange light. Consequently with unilateral illumina- 
tion the light-intensity gradient in the coleoptile is not considerable, 
and light saturation at the light and the shade side is already reached 
when but relatively small amounts of orange light are administered. 
In that case curvatures could be expected only after illumination 
with very low intensities of orange light. It appeared however that 
under this condition too no curvatures are obtained. This supposition 
therefore may be discarded. 

b. Orange light induces the formation of more blue-absorbing 


pigment with as a consequence a steepening of the light-intensity 
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gradient in the coleoptiles when they are illuminated afterwards 
unilaterally with blue light. The reduction of the first positive photo- 
tropic curvature after irradiation with increasing light quantities 
admittedly may be due to the fact that the growth at the shade side 


degrees 
| curvature 


o——-e = coleoptiles not irradiated 
o——°O = coleoptiles irradiated 


a ; ergiem? 480mu 


Veo 6 20 
Fig. 2. The phototropic curvature of coleoptiles: e not pre-irradiated, © pre- 
irradiated with orange light. 


too begins to react upon*the illumination. The presence of more 
blue-absorbing pigment therefore would entail that a larger amount 
of blue light would be needed to produce this reaction of the shade 
side. In this case orange light should have no influence if it was applied 
after the illumination with blue light. In Table II the curvatures 
are recorded of coleoptiles which were irradiated with orange light 
either before or after the illumination with blue light. It appears that 
there is no difference in the size of the curvatures. 
TABLE II 
Unilateral illumination Curvature in degrees 

2OF ches/em 22400) mune ree ea, wenn 14.7 + 1.3 (10) 
20 ergs/cm? 4 = 480 mu, followed by 36 x 104 ergs/cm? 

GLangeclignt arom AvOye — init en ee 
20 ergs/cm? 4 = 480 mu, preceded by 36 x 104 ergs/cm? 

orange lightifrom above yoegene meme =. sob: 


27.9 Ta re 


28.5 + 1.4 (13) 


Moreover, it could be shown that pre-illumination with orange 
light from the future shade side of the coleoptile has the same effect 
as pre-illumination from the future light side (Table IIT) 


TABLE III 
Unilateral illumination with 20 ergs/cm? 1 — 480 mw after 


unilateral pre-illumination curvature in degrees 
TONG yh Micaytel gre a Me eee eel oe i i anna 1057, 210,05 (9) 
9.6 x 104 ergs/cm? orange light from the future light side 22d Oey) 
9.6 x 104 ergs/cm? orange light from the future shade side 22.7 90.87 (9) 
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_ For these reasons we consider it unlikely that orange light would 
induce the formation of a blue-absorbing pigment. ; 

_¢. A third way to explain the effect of orange light was derived 
from the results of a number of experiments on the place where the 
orange light is perceived. 

_ It could be demonstrated that particularly the tip of the seedling 
is sensitive to orange light. 


2. LOCATION OF THE SENSITIVITY TO ORANGE LIGHT 
MeETHOD 


In absolute darkness the tips of the coleoptiles were supplied with 
tin foil caps of 4 mm length, the very same that Arisz had used in 
1914 to study the influence of illumination on the base part of the 
coleoptile. 

Then the coleoptiles were supplied with a dose of orange light, 
whereupon the caps were removed in darkness. Next the coleoptiles 
were unilaterally illuminated with light of 4 = 480 my (20 ergs/cm?) 
in order to obtain a first positive curvature as large as possible. 


EXPERIMENTS 
TABLE IV 
Unilateral illumination with 20 ergs/em? 2 = 480 my after 


EEN eNews tie fre ee SS 
Exp. Nr. Pre-illumination Curvature in degrees 
EOE sg ees De eee SS 
Lee ETON CI eA tse, eo GP oe ae 10.7 +0.9 (9) 
9.6 x 104 ergs/cm? orange light, without caps et a 2 Oe) 
9.6 < 104 ergs/cm? orange light, with caps 9741.9 (7) 
28.8 x 10° ergs/cm® orange light, with caps 15.5 + 2.7 (6) 
II TIO es ae eee ay Ste os Peer es 13.0 + 1.7 (@) 
24.6 x 104 ergs/cm? orange light, without caps 19.0+ 1.4 (12) 
24.6 x 104 ergs/cm? orange light, with caps 11.0+1.4 (11) 


From Table IV in which the resulting curvatures are recorded, it is 
clear that orange light has no influence at all or but a very slight 
influence if the upper most 4 mm of the seedling are screened from it. 

Since the possibilities a and } had to be rejected, one cannot arrive 
at another conclusion than that it is not the tip of the coleoptile, 
but the tip of the primary leaf that responds to the orange light. 

It was technically impossible to confirm this conclusion by removing 
the primary leaf in darkness and by studying the reactions to orange 
light of the remainder of the plant. 

Therefore we passed on to the application of the standard Avena 
test, because it could be shown that orange light influences the 
curvatures in the standard Avena test as well. 


3. "THE EFFECT OF ORANGE LIGHT ON THE STANDARD AVENA TEST 


METHOD 
Avena seedlings were cultivated in glass holders as described in 
chapter 1. They were illuminated with orange light while germinating 
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on filter paper and also during the first 24 hours after they had been 
put in the glass holders. From the 48th hour on till the test they were 
growing in absolute darkness, except at the 72nd hour when a selection 
was carried out in orange light. When the plants were 88 hours old, 
the relative humidity of the conditioned room was raised from 75 °% 
to 96-°%,. 

The aeke with their 12 plants remained in absolute darkness till 
the very moment of decapitation. With part of the plants the first 
decapitation was performed in darkness; the remainder were decapi- 
tated in orange light. 

The coleoptiles were decapitated for a second time after an sojourn 
of 2 hours in green light (A = 560 my). The primary leaf was loosened 
after the second decapitation because this manipulation could not be 
performed in darkness. 

Two hours after the second decapitation agar blocks of 3.6 mm? 
soaked in a solution of I.A.A., were placed unilaterally upon the 
stumps. After another two hours shadowgraphs of the test plants 
were taken. Between these actions the plants were kept in the dark. 


EXPERIMENTS 


The curvature of plants which had been decapitated in orange light 
was compared with the curvature of plants which had been gropingly 
decapitated in darkness. After the first decapitation all manipulations 
were performed in green light.’In Table V the curvatures produced 
by agar blocks containing various amounts of I.A.A. are presented. 


4 TABLE V 
I.A.A. concentration Curvature in degrees 
in g/ml Decapitation in the dark Decapitation in orange light 
O25 o Ors 9.0 - 0.5 (11) 7.8+0.9 (9) 
D500 1@=t 12.5+0.5 (22) 114+0.9 (19) 
O75 ° le 17.6 +1.0 (12) 19.2 a 10 Pan) 
TOO o THOR" 21.2424 (9) 13:3 se 0.5. (11) 
N23 Oe 14.1 SP 07 e253) 14.7 +0.5 (22) 
EAN) o HOY 14.9 =e 1-5 (10) [2 Leet} 


It appears that orange light applied during the first decapitation 
reduces the size of the maximum curvature (at a concentration of 
I.A.A. of 10-* g/ml) from about 21° to about 14°. This effect of 
orange light is unexplained, but it seemed a suitable means to check 
the supposed perception of the orange light by the primary leaf. 

To that purpose the first decapitation was carried out with part 
of the plants in orange light and with the control plants in darkness. 
In case the plants were decapitated in orange light, the primary leaf 
was loosened either immediately after the first decapitation or after 
the second. 

In the first case the primary leaf was left intact only during two 
or three minutes after it had been exposed to the orange light, in the 
second case it remained intact for two hours. Further manipulations 
were carried out in green light of 4 = 560 mp. 

The solution of 10-7 g/ml I.A.A, was the only one that was used in 
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these tests, because in preliminary experiments the effect of orange 
light proved to be largest at this concentration. 

It appears (Table VI) that orange light reduces the curvature only 
when the primary leaf is left intact during some time after the 
irradiation. It therefore was concluded that indeed it is the pri- 
mary leaf which perceives the orange light. 


TABLE VI 

First decapitation Primary leaf removed Curvature in degrees 
in the dark after 2nd decapitation 5.7 = OW, (33) 
in orange light after Ist decapitation 16.6 + 0.6 (24) 
in orange light after 2nd decapitation IES) a Oe (ey) 


The experiments on the influence exercised by orange light on 
coleoptiles with screened tip showed that it should be particularly 
the tip of the primary leaf that responds to the orange light.This 
was checked as follows. 

At the first decapitation, performed either in orange light or in 
darkness, the tip of the seedling was removed as a whole, whereas 
in the control series the tip of the coleoptile was taken away but the 
tip of the primary leaf was left intact. At the second decapitation in 
all series the primary leaf was loosened. Except the first decapitation 
all manipulations were carried out in green light of A = 560 mw. 
A solution of 10~7 g/ml I.A.A. was used as a test solution. 

From Table VII it is obvious that orange light reduces the curvature 
only if the tip of the primary leaf is left intact during some time after 
the irradiation. 


TABLE VII 

First decapitation Tip of the primary leaf Curvature in degrees 
in the dark intact 16.1 + 0.7 (35) 
in the dark removed Ifo se On. = (BS) 
in orange light intact 12.8: =— 0:6. (G5) 
in orange light removed 15.9 +0.6 (33) 


4. CONCLUSION AND DISCUSSION 

From the preceding series of experiments it is clear that orange 
light influences the phototropic reactions and the reaction on I.A.A. 
of Avena coleoptiles via the tip of the primary leaf. That the tip of 
a leaf may play a special part, did come to our knowledge from a 
publication of SHARMAN (1942), who observed that in Kea leaves 
elongation as well as the differentiation of the tissues start at the 
leaf tip and from a paper of Ropers (1951), who stated that in wheat 
the tip of the first leaf has a larger chlorophyll content than the rest 
of the leaf. ] 

We did not occupy ourselves with the reactions of the primary 
leaf to orange light, but we confined our investigations to the indirect 
consequences of such an illumination appearing in the behaviour of 
the coleoptile. By what means the primary leaf influences the 
coleoptile, will not be considered. Maybe some substance is formed 
by the leaf and transported to the coleoptile, maybe the growth of 
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the primary leaf is influenced by the orange light in such a manner 
that the substances which are transported upwards from the grain, 
are distributed differently between coleoptile and primary leaf. 


c 


5. SUMMARY 

Orange light increases in Avena coleoptiles the maximum size of the first positive 
curvature induced by unilateral illumination with blue light. The orange light is 
probably perceived by the tip of the primary leaf. The standard Avena test too 1s 
influenced by orange light, which reduces the curvatures caused by the unilateral 
application of I.A.A. (1077 g/ml). In this case too the tip of the primary leaf proved 
to be the place of perception of the orange light. 


CHAPTER. III 


DETERMINATION OF THE-MOST EFFECTIVE 
WAVE LENGTH 


An action spectrum for the influence which light of the longer 
wave lenghts exercises on the Avena coleoptile is not known. An 
action spectrum for the inhibition of growth in the mesocotyl was 
obtained by WeEInTRAUB and Price (1947) as well as by Goopwin 
and Owens (1948). However, since it is uncertain whether the same 
mechanism is responsible for the way in which the coleoptile and the 
mesocotyl react to wave lengths larger than A = 600 my, it is not 
justified to assume that the action spectrum will be the same for both 
reactions. 

We investigated which waye length was most effective in influencing 
the phototropic curvature of Avena coleoptiles in the way described 
in chapter II. The variability of the plant material however was so 
large that it proved impossible to determine an approximatively 
accurate action spectrum. 

Coleoptiles were cultivated as described in chapter II under the 
heading “phototropism’’. They were pre-illuminated unilaterally with 
light of various wave lengths (in chapter II it was shown that the 
effect of pre-illumination is independent of the direction from which 
it is applied). Immediately after being pre-illuminated they were 
irradiated one-sidedly with 20 ergs/cm? 2 = 480 my, i.e. with the 
amount of light which gives a maximum positive curvature. 

The results of these experiments are summarized in Table VIII. 
The values given for the curvatures are the mean of six experiments. 


TABLE VIII 


Pre-illuminated with Phototropic curvature in degrees 
a 13.1 +0.4 (109) 
30-70 ergs/cm? 4 = 560 mu 34a OLG em col) 
30-70 ergs/cem? A = 580 mu 14.9+0.5 (64) 
30-70 ergs/cm? 4 = 600 my SS Oe 36) 
30-70 ergs/cm? A = 620 mu ree): ate OG) = (GID) 
30-70 ergs/cm? 2 = 640 mu 13.6+0.6 (46) 
30-70 ergs/cm? 2 = 660 mu 17.8220.9 i (36) 
30-70 ergs/cm? A = 680 my alte Lay Se ou) 
30-70 ergs/em? A = 700 mu 12.6 0.9 (36) 
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In each experiment the influence of a complete series of wave lengths 
was investigated in order to avoid difficulties caused by the daily 
variability of the plants. 

It appears that light of the wave lengths A = 660 my and 680 mu 
was most effective in enhancing the maximum size of the first positive 
curvature. So it was decided to continue our experiments with light 
of A = 660 mu. 

The joint effect of the variability shown by the response to red light 
and the variability of the phototropic reaction to the blue light, 
however, makes it impossible to arrive at a complete action spectrum 
by means of these experiments. To this purpose a process more 
directly dependent on the red light should be used as indicator, 
preferably the increase in length of the coleoptiles. A sensitive auxano- 
meter (KONINGSBERGER, 1922) should be used to this end. 


SUMMARY 


In this chapter it is shown that with the Avena coleoptiles light of the wave 
lengths 4 = 660 and 680 my is most effective in enhancing the maximum size 
of the first positive phototropic curvature caused by blue light. 


CHAPTER IV 


THE REACTION OF THE AVENA COLEOPTILE TO LIGHT 
OF 4=660 mz IN CONNECTION WITH ITS 
GROWTH-SUBSTANCE METABOLISM 


1. DATA FROM THE LITERATURE 


Several authors have tried to connect the reactions of plants to 
red light with their growth-substance metabolism. Hitman and 
Garston (1957) summarize the literature on this subject, but in view 
of the fact that too different materials were treated in too different ways, 
they consider any attempt to discuss their own work in terms of the 
reports cited by them as sheer speculation. We subscribe to the view 
of these authors. 

LIveRMAN and Bonner (1953) are the only workers to choose the 
Avena coleoptile as experimental object. According to their results 
red and far red light influence the reactions of isolated coleoptile 
cylinders to heteroauxin. In the hope that the influence of red light 
on the phototropic behaviour of the coleoptiles might be explained 
by the findings of these authors, we tried to reproduce their results; 
however, without success. Probably the discrepancy between their 
results and ours should be attributed to the use of different light 
quantities. In our experiments the coleoptile cylinders were illumi- 
nated with 700 ergs/cm? 2 = 660 my, whereas in the experiments of 
LivERMAN and BonNER a much larger quantity of light was applied 
during 30 minutes (filtered light obtained from 2 daylight fluorescent 
tubes was used). Obviously their experiments cannot be compared 
to ours. Still the possibility existed that illumination with light of 
2 = 660 my influences the heteroauxin content of the coleoptile. 
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To avoid the difficulties and problems with which extraction and 
quantitative determination of I.A.A. are beset, the I.A.A. content 
of the coleoptiles was estimated by means of the cylinder test. _ 

Maximal growth of coleoptile cylinders derived from illuminated 
plants should occur at an I.A.A. concentration of the medium which 
differs from the I.A.A. concentration inducing maximum growth 
in cylinders cut from non-illuminated plants. 


2. CYLINDER TEST (STRAIGHT-GROWTH TEST) 


METHOD 


The coleoptiles were cultivated in vermiculite as described in 
chapter I. When the plants were 88 hours old, part of them was 
illuminated with 700 ergs/cem? A = 660 my, and part was kept in 
darkness. 1} hours after the illumination the coleoptiles were placed 
in a coleoptile microtome after VAN DER Wey, and 3 mm tips were 
taken off and rejected. The next 3 mm sections were used in the 
experiments. Twelve sections were floated on the surface of 10 ml 
of a solution of I.A.A. in a buffer of 0.0025 m K-maleate adjusted 
with KOH on a pH of 4.5 and containing 3 % sucrose. All manipula- 
tions were carried out in green light of 24 = 560 my. After three 
hours the length of the sections was measured under a microscope. 


EXPERIMENTS 


A series of experiments was carried out in each of which the in- 
fluence of a range of I.A.Ay,concentrations was tested on sections of 
irradiated and non-irradiated plants. In Table IX the final lengths 
of the sections are shown in units of the eye-piece micrometer (50.9 
WhO i = oi venea. 

Experiments I and II are examples of experiments in which the 
optimum concentration of I.A.A. was estimated. In experiment I the 
optimum I.A.A. concentration seemed to be 10-8 g/ml for the growth 
of sections of irradiated plants, against 2.10-8 g/ml for the growth of 
sections of non-irradiated ones. In experiment II however sections of 
irradiated plants appear to show two growth maxima at different 
I.A.A. concentrations, whereas sections of non-irradiated plants 
appear to show only one growth maximum. This phenomenon was 
confirmed in experiments in which lower I.A.A. concentrations were 
ee Two examples are presented in Table IX, III and IV and in 

Ig. 3. 


DISCUSSION 


Pre-illumination of intact plants with light of 2 = 660 mu un- 
doubtedly influences the way in which coleoptile sections subsequently 
react on I.A.A. The essential difference between the concentration- 
growth curves of coleoptile sections obtained from irradiated and 
non-irradiated plants may be seen in two fundamentally different ways. 

1. The concentration-growth curve of irradiated coleoptile sections 
shows two maxima, whereas the curve of non-irradiated sections 
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TABLE IX 
Mlumination with 700 ergs/em? 4 = 660 mu. Final length of sections 


Concentr. y It 
EAA | Plants Plants 
in (at ie i eae % i a 
in g/m | illuminated /notilluminated | illuminated | not illuminated 
On 52.0 + 0.7 53.0 + 0.4 485405 | 51.4404 
6.10-° | = se 54.4 + 0.3 53.4 + 0.2 
thsi Oe | 54.1 + 0.3 Silall Se Oy SOG 2EO2 5322503 
es 53.7 = 0.4 54.9 + 0.3 — | — 
=3 
: : oe — S0RS= 04 Heil 26 03} 
NOEs Hee) ZENS 53.3 — 0.3 52.1 + 0.3 55.1 22 0.5 
Likes 52.8 + 0.5 a2.) SEO) Byte) SE (0)) 55.8 + 0.6 
1.10-5 51.2 + 0.3 Sls 02 = = 
; III IV 
0) 48.8 + 0.4 51.4 + 0.6 50.6 + 0.1 52.4 + 0:2 
1.10-10 sy SS 50.0 + 0.3 bils2 a= 013 51.9 = 0:3 
Pee 51.9 + 0.4 HOP 02 5276 == 0.1 59.6 = 0,3 
Ome 55.8 + 0.5 OMS See OY 54.1 + 0.3 5d.9 SE0.2 
Oe 50.5 + 0.3 53.5 -—- 0.3 52.3. = 0.2 53.0 -— 0.2 
3.10-* | 54.3 + 0.3 55.4 + 0.5 5554-0302) 94.7546 0:3 
Ore 55-803 Hp as= (e2 56.5+£0.5 | 55.8 + 0.5 
58 58+ o——o — irradiated 
| length length o_o — ait dited 
57 57¢ 
56r 56+ 
55+ ae IL 
5L 5 5, b 
53+ 53+ 
fe) 
52+ 525 ° 
51 f ile 
507 50 
49 | 496 
log conc IAA log conc IAA 
48 ao 1 1 | ne 1 1 Sa oo 
0 -10 -9 -8 -7 0 -10 -9 -8 -7 


Fig. 3. Final length reached in I.A.A. solutions by coleoptile sections cut from 
non-irradiated seedlings and from seedlings irradiated with light of A = 660 my. 


shows only one. In this case no attention has been paid to the phenom- 
enon that very low concentrations of I.A.A. inhibit the growth of 
non-irradiated sections. This phenomenon has also been reported by 
Bartow, Hancock and Lacey (1957) as appearing in tests that were 
carried out with sections of wheat coleoptiles. The authors attribute 
this to the displacement of an endogenous auxin by I.A.A. 

2. The two concentration-growth curves are essentially equal. 
Both show two maxima, but whereas the first maximum of the irra- 
diated sections is to be found at an I.A.A. concentration of about 
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3.10-® g/ml, the first maximum for the non-irradiated sections appears at 
an I.A.A. concentration 0. So in this case the curve for the irradiated 
sections is regarded as compressed and shifted to higher I.A.A.- 
concentrations as compared to the curve for the non-irradiated sections. 

In both cases we pass over the fact that sometimes the sections in the 
blank buffer solution did not grow, but did shrink on the contrary. 

It was investigated whether in the curvature test too the con- 
centration-growth curve would show two maxima; in this way we 
hoped to exclude the possibility that our conclusion was due to bias. 


3, ‘THE CURVATURE TEST 


METHOD 


The test plants were cultivated as described in chapter I] under 
the heading “Standard Avena-test”’. 

When the plants were 88 hours old, part of them were illuminated 
with 70 ergs/cem? 2 = 660 mu. The others were kept in darkness. 
During 1} hours after the irradiation the plants remained in darkness, 
whereafter the first decapitation was carried out in orange light. 
Immediately after the decapitation the primary leaf was loosened to 
prevent the orange light from influencing the reactions of the coleoptile 
(compare chapter II), and an agar block was applied unilaterally. 
Our intention was to investigate whether irradiation with light of 
A = 660 my would induce two maxima of curvature. So in order to 
prevent the coleoptile from consuming the substance that possibly 
brings about the first maximum (at a low I.A.A.concentration) 
I.A.A. was applied immediately after the first decapitation, and the 
second decapitation was omitted. Each concentration of I.A.A. was 
tested on six coleoptiles. 


EXPERIMENTS 


The size of the curvatures as they appeared in three different 
experiments two hours after the application of I.A.A., are given in 
Table X. In Fig. 4 the results of experiment II are plotted. 


TABLE X 
Curvature in the Avena test after illumination with 700 ergs/cm*? 2 = 660 my 


@oncent I plants II_ plants | III plants 
os fae not Pina not sr | not 
in g/ml | illumin.  illumin illumin. naa illumin. Thee 
Ea LO = 6+1 6+2 Bae 10222 
04103 = — 1141 742 9 ois ha? 
Oo. 1057 | 1S 2 2 13 22 17 +2 lise 2 16 +2 13 +1 
0.6 10-7} 1542 iS =e 2 Lee 2 eb see ie 2 1142 
OP 10-24 =. 1 iS si 16 +2 [S35 202 1442 
0.8 10-7) 2342 17 +2 Loe 18 262 LS 17+1 
OO LOSE os FS 2a 2 22 al 2142 20 ee 2442 
10 10-7), 25-3 27 +2 he ole 19 + 3 2442 
40 to] 3043 | 1 | 342 | ds44 | 3028 | BE 
. fe zis = 2 2oee4 3029 8 

6.0 10-7) 33 +3 Oo sen ss oF ee 
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DISCUSSION 


On condition that each experiment is considered by itself, the 
curvature-concentration curve shows one maximum for the non- 
irradiated plants, two for the irradiated ones. The first maximum of 
the irradiated plants appears in the experiments I and II as a more 
or less pronounced peak, in experiment III as a platform. In each of 


307 
degrees curvature 


22r ————— 
20r geen 


10 o——o = irradiated 
o——-e — not irradiated 


conc IAA g/ml x10) 


—— a n i i 1 L 1 4 i 
0.3 04 0s 06 0.7 08 09 1.0 2.0 


Fig. 4. Curvature reached in the curvature test by non-irradiated coleoptiles 
and by coleoptiles irradiated with light of A = 660 my. 


the three experiments the curvature of the irradiated plants at an 
I.A.A. concentration of 0.6 or 0.7 x 10-7 g/ml is significantly larger 
than the curvature of the non-irradiated ones. Presumably it is not 
admissible to average the results of the three experiments, the varia- 
bility shown by the plants from day to day being too large. 

To counter the argument that the differences in curvature observed 
at the same I.A.A. concentration might be due to the variability of 
the plants and not to the irradiation, the curvatures of three series of 
non-irradiated plants were studied. They were treated in exactly 
the same way as the irradiated and non-irradiated series in the 
above-mentioned experiments. Agar blocks soaked in the same I.A.A. 
solution were applied to each series. Table XI shows the resulting 
curvatures. At the same I.A.A. concentration the differences in 
curvature observed between the plants of series a, b, and c are not 
nearly so large as those observed between irradiated and non-irradiated 


plants. 
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TABLE XI 


I.A.A. concentration Curvature in degrees _ 


in g/ml series a series b series C 
O5, l@=? iPS 2 8+ 1 9+ 2 
CHS iO” 15 1 iil 4 2 12 + 1 
Of Wor 13 + 1 ll+1 es 
Opsm Ome 15 +0 15 =e 1 NG = 2 
OD) i=" I@ +E 2 | lite Se JI 15 +2 
LO) 10-’ 16 + 3 Ly + 2 | 16 se 1 
Il = 18 aie 5 16 a D, 18 ae 2 
3 10-7 19 9 eae 
oo We 19 + 20 + 20 + 

he OS e | 19 +1 18 + 2 17 = 2 
ey MO | 2142 20 + 1 19 +2 


In this case too it is possible that the non-irradiated plants also 
have a first maximum of curvature, but then this should be situated 
at a lower I.A.A. concentration than was applied in these experiments. 
In this case the difference in behaviour observed between irradiated 
and non-irradiated plants might be accounted for by the hypothesis 
that the endogenous I.A.A. content of irradiated plants is lower than 
that of non-irradiated ones. 

A second possibility is that irradiation with light of 2 = 660 mu 
stimulates the synthesis of a substance which causes the first maximum. 

These two possibilities correspond with the possibilities 2 and 1 
considered in the discussion on the straight-growth test (par. 2, 
see p. 12--13). 

In order to investigate whether irradiation with light of A = 660 mu 
lowers the endogenous I.A.A. content or results in the enhanced 
synthesis of a new compound, extraction and quantitative analysis 
would be necessary. The results of such an analysis will be given in 
the next chapter. 


4. SUMMARY 


It has been shown that irradiation with light of 2 = 660 my causes an additional 
peak in the activity-concentration curve which is obtained if the growth of coleoptile 
sections or the curvature of coleoptiles is plotted against the I.A.A. concentration. 
This additional peak is situated at a low I.A.A. concentration. 


CHAPTER V 


QUANTITATIVE ANALYSIS OFTHE LA-A“ CONTENT OF 
IRRADIATED AND NON-IRRADIATED COLEOPTILES 


The purpose of this part of the investigation was to estimate the 
I.A.A. content of the coleoptiles. Destruction as well as formation of 
I.A.A. during extraction should be prevented; moreover, complica- 
tions caused by the formation of auxin complexes should be avoided. 
The extraction method used in these experiments is based on that 
described by TERpstra (1953). 
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METHOD 


Coleoptile tips of about 6 mm length were ground with some 
quartz sand; this was performed in orange light. ‘The ground tissue 
was mixed with 5 ml of tap water at 100° C, frozen at about —5° C, 
and kept overnight at this temperature. The next day the mass was 
thawed and filtered. The tissue was rinsed with another 5 ml of 
tapwater. The 10 ml of extract thus obtained was made alkaline by 
adding about 10 mg NaHCO. Next it was shaken three times with 
10 ml of ether, freed of peroxides. This ether fraction was discarded. 

The aqueous residue was acidified with 0.1 N HCl, methyl orange 
being used as indicator (final pH ca 4), and shaken three times with 
10 ml of ether. These ether fractions were evaporated, and the residue 
was dissolved once more in a small amount of ether. 

This solution was applied to the starting line of a chromatogram. 
Sheets of Whatman No. 1 were used, and a mixture of isopropyl 
alcohol, 28 °4 ammonia and water (8: 1: 1) was employed as solvent. 
The chromatograms were developed with the solvent ascending for 
about 18 hours. A marker spot of I.A.A. was run parallel with the 
chromatogram of the extract. 

After developing and drying, the strip of paper with the marker 
spot was removed and sprayed with a 1 °/, solution of cinnamic 
aldehyde in methanol. The strip was dried again and, when brought 
into a container with HCl-gas, showed the marker I.A.A. as a yellow- 
red spot. The Rf-value of I.A.A. ranged between 0.4 and 0.6. 

The-zone corresponding with the position of the I.A.A.-marker 
spot was cut from the chromatogram, and extracted with 3 x 10 ml 
of ether for 5 minutes at 37° C. The ether fractions were combined 
and evaporated, and,the residue was transferred into an agar slice 
of 20 mm? in the manner described by TERPsTRA (1953). Next day the 
agar slices were cut into 6 blocks and tested on six coleoptiles. 


EXPERIMENTS 


The I.A.A.-content of tips of non-irradiated coleoptiles was compared 
by means of the curvature test with that of tips of plants, which 
14 hours before the tips were collected had been irradiated with 
700 ergs/cm? 2 = 660 my. In Table XII the results of six experiments 
are given. 


TABLE XII 
OE EOS 
Curvature in degrees 


extract from tips 


Number of extracted tips ned Se non- | irradiated with light of 
irradiated tips | 2 = 660 my 

>... 2 Se a ee ere eee ees 

50 | 15 ee Gee 1 

10 132k 8+1 

30 29 ALWs (Sane 

10 34 + 3 10°41 

10 34 + 3 i249 

40 36 +2 17 +2 
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In the course of 14 hours irradiation with light of 2 = 660 mz 
doubtlessly lowers the I.A.A. content of the coleoptile tips to about 
one half the original content. For the determination of I.A.A. from 
irradiated tips it appears necessary to extract about 10 tips to each 
6 test plants. This matches the results of TERPsTRA (1953). It has not 
been investigated whether the differences in the size of the curvatures 
found in the various experiments of Table XII, are due to differences 
in the I.A.A. content of the extracted tips or to differences in the 
sensitivity of the testplants. 

These results confirm the statement of VAN OvERBEEK (1936), 
that more auxin can be obtained from tips of non-irradiated coleoptiles 
than from tips of coleoptiles irradiated with orange light. 


SUMMARY 

Irradiation of Avena seedlings with light of 700 ergs/cm? 2 = 660 my lowers 
the I.A.A. content of the tips of the coleoptiles in the course of 1} hours to about 
half the content found in the dark controls. 


CHAPTER VI 


EXTRACTION: OF SIHE, “RED: LIGHTSFACTOR= WRuinia 


Further investigations seemed desirable to make sure whether 
for the coleoptile the consequence of the irradiation with red light 
only consists in a decrease of the I.A.A.-content. If this would be so, 
the absence of the first peak in the growth-concentration curve of 
non-irradiated coleoptiles should be due to the fact that the hetero- 
auxin content of these coleoptiles is too high to allow the development 
of the first maximum, and then it would be impossible to introduce 
this first peak into the curve of the non-irradiated coleoptiles by 
adding an extract from irradiated ones, unless I.A.A. would be 
displaced by the extract from a surface to which it had been adsorbed. 
In the latter case it would depend on the ratio I.A.A. to extract 
which of these two would dominate, and then we should expect that 
the larger the amount of extract supplied to the coleoptiles, the 
larger the amount of I.A.A. would be that is required to obtain a 
similar effect. Thus the first growth peak should shift to higher 
I.A.A. concentrations when larger amounts of the extracted compound, 
henceforth called “Red Light Factor” or “R.L.F.’, are supplied. 


METHOD 


Extracts from tips of irradiated seedlings were prepared and purified 
as described in chapter V. However, before the chromatogram was 
bio-assayed, the zone which, as indicated by an I.A.A.-marker spot, 
contains the I.A.A., was discarded. The eluates from the rest of the 
chromatogram were transferred into agar blocks that had been soaked 
in solutions of I.A.A. of various concentrations as it was supposed, 
in accordance with the results of the preceding experiments, that 
the effect of the ‘R.L.F.’ is observable only when it is applied in 
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combination with I.A.A. The test plants were cultivated as described 
in chapter II. They were kept in darkness till the very moment of 
decapitation, and treated as described in chapter V. 


EXPERIMENTS 


First a chromatogram obtained with an extract from 300 tips cut 
from plants that had been irradiated for 1} hours with 700 ergs/ 
cm? A = 660 mu, was tested on its activity. The chromatogram 
was divided into two halves by a cut parallel with the starting line, 
and each half was eluted and bio-assayed. Eluate a contained all the 
substances with Rf-values higher than that of I.A.A., eluate 4 the 
ones with Rf-values lower than that of I.A.A. Both eluates were 
tested in combination with I.A.A.-solutions of 4 x 1077 and 3 x 107? 
g/ml. 


TABLE XIII 
: Curvature in degrees 
I.A.A. concentration Goat = ae <= 
in g/ml I.A.A. combined I.A.A. combined 
| with eluate a | ___-with eluate 0 
0.50 x 107 if ed 101 | ime 
By SG 1l+1 441 | 11 + 1 


Table XIII, in which the curvatures of the test plants are given, 
shows that eluate a inhibited the curvature. Possibly it contained an 
active substance in more than optimum concentration. 

The experiment was repeated with an extract made from 15 tips. 
Only the part of the chromatogram above the I.A.A. place was 
eluted, but it was first-divided into 6 zones of 1.4 cm by cuts parallel 
to the starting line. The Rf-value of I.A.A. in this experiment was 
0.56, the flow distance of the solvent 22.5 cm. The result is presented 
in Table XIV. 


TABLE XIV 


I.A.A. concentration in g/ml Curvature in degrees 
Lee O5? 15 + 2 
1 x 10-7 + zone 1 (front) 10+ 1 
1 x 10-7 + zone 2 10 + 2 
se Os = zoness 10+1 
1 x 10-7 + zone 4 aa 
jes LO-7 =— zone 22 +4 
1 x 10-7 + zone 6 8+ 1 


The eluate from zone 5, with slightly higher Rf-value than IL.A.A. 
enhances the curvature induced by I.A.A. (10-7 g/ml) from about 
DS tot 203 

Now it was tried to imitate the curvature-concentration curve 
found for irradiated plants by supplying non-irradiated plants with 
an eluate from a chromatogram in combination with I.A.A. 

To this purpose extracts from coleoptile tips cut from plants that had 
been irradiated 14 hours previously with 700 ergs/cm? A = 660 my, were 
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freed from J.A.A. by chromatography. The zone containing I.A.A. 
was determined by means of a marker spot. The chromatogram 
above this zone was extracted and bio-assayed as a whole. Various 
amounts of the eluate were combined with various amounts of IJ.A.A., 
and the mixtures tested. 

The results of three typical experiments are given in Table XV. 
Experiments II and III are plotted in Fig. 5. 


TABLE XV 
EXP. I 
Te NotNe Amount of extract added per test plant expressed in 
concentration —__ coleoptile tips = es Pee 
in g/ml none extract from 4/6 tip | extract from 8/6 tip 
O50) s< WO=e 1-1 | 4+] @ 2b Il 
LOO s< 10-2 9-1 | IS ei 16 + 3 
LAD se O=4 8 + 2 i) 26 6) | 
1.40 x 10-7 aE) 14 2 | 942 
14s) Se I=" I te 2 15 = 2 li aes 
1S OR aal Ome V7) SE il Gp se 2 
PANO Se WORE 19 2 1.4 
4.00 x 10” Pas) SEG, 
EXP. II 
TAN Amount of extract added per test plant expressed in ie 
concentration coleoptile tips 
in g/ml none | extr. fr. 2/6 tip | extr. fr. 4/6 tip | extr. fr. 8/6 tip 
O50 s< I=? pe DP 744 9-2 9+2 
OH? se ThO=c I@ 42 iby) 14 + | 9 1 Ose 
OWS x< 1O=0 t@ 4e it 19 + 4 lo = 2 Hi 21 
Oem als? IS} sk @ LP 2E 10 + 3 5) 26 1 
100) Se Oe IS sew 5) Eg ii) Se oe 
2S Se Te [7 = 2 20 +4 hey ils} 25S 
EXP. III : 7, 
ANA, Amount of extract added per test plant expressed in 
concentration i coleoptile tips 
in g/ml none | extr. fr. 2/6 tip | extr. fr. 4/6 tip | extr. fr. 8/6 tip 
00 10s 5) ak || 6 4b i jee @ so 
12505? 61 (ee 441 5ispel 
1501023 92 Oe 2 8 +3 Sa1 
Lo 10% 15, 369 15 et 1444 1b? 
PAOD se NOK! 1923 11+2 10 + 2 9+2 
ORS SNORE 7 2 3 lyf =. 8 12+ 1 12+1 
2:50 xa 10=" 18 +3 144 1 iG ees 


It appears that a purified extract from tips of irradiated coleoptiles 
transforms the one-peaked curvature-concentration curve of non- 
irradiated coleoptiles into a two-peaked one. Application of an 
amount of eluate equivalent with the extract from | tip is sufficient to 
obtain a maximum effect. 

These experiments show that the R.L.F. can affect the response 
of non-irradiated test plants to growth substance. The I.A.A.-content 
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Fig. 5. Influence which a purified extract from coleoptiles irradiated with red 
light exercises on the curvature of non-irradiated coleoptiles. 
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Fig. 6. Influence which a purified extract from coleoptiles irradiated with red 
light exercises on the curvature of test plants. Left: Test plants not irradiated. 
Right: Test plants irradiated with light of A = 660 muy. 
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of these plants therefore is not so high as to make them insensitive to 
the R.L.F. No evidence is found for the supposition that the first peak 
shifts to higher I.A.A. concentrations if larger amounts of R.L.F. 
are supplied. Either this is not so, or the shift is too small to be 
perceptible. ‘ 

Finally the R.L.F. was tested in the same experiment on irradiated 
and non-irradiated plants. Table XVI, the figures of which are 
plotted in the graphs 6 and 7, shows the results. 


TABLE XVI 
EXP, I 
Amount of AGA 
extract added concentration | Not pre-illuminated Pre-illuminated 
per test plant | in g/ml 
mone | 0.75 x 10-7 16 + 3 28 
none ACO) Se UG? | 19 + 1 lo + 1 
none LPB Se Oe | Pi ey? 14 + | 
4/6 tip OWS < TWe-4 24 +2 30 + 3 
4/6 tip 1.00 x 10-7 18 £2 19) 5 2 
4/6 tip Ie Se O= 18 + 3 16 + 3 
8/6 tip Od Se NOH" 2143 19 +2 
8/6 tip LZ Ss Oe 19 + 2 23 + 2 
EXP. II 
Amount of TAWA 
extract added concentration Not pre-illuminated Pre-illuminated 
per test plant in g/ml 
none DESO S< OK | 8+2 8+ 2 
none O73 S< WO" 11 +2 17 + 3 
none OO <=" 26 + 2 26 + 3 
2/6 tip OBO Ss WO 7+2 10 + 1 
2/6 tip OLS Xe iO" 15 + 2 17 + 3 
2/6 tip HOO Se HOF 19 + 2 19 + 3 
4/6 tip Os x MOR 1241 13 + 2 
4/6 tip OPS x WOR? 17 + 1 2142 
4/6 tip LOOM l0x? 17 +4 17 +2 
8/6 tip O80 S< WO=« 0 +0 341 
8/6 tip Od Se 1O=" 18 + 2 25 +42 
8/6 tip ROOM aa Oia 164+ 3 20 + 2 


In Fig. 6 (corresponding with experiment I) the graphs of the 
non-irradiated plants, either supplied with R.L.F. or not (a), are 
reproduced together with the graphs of the irradiated plants (b). 
In Fig. 7 (based on experiment IT) however, the graphs of irradiated 
and non-irradiated testplants are plotted together, in Fig. 7a with no 
R.L.F. added, in Fig. 7b after addition of the R.L.F.-extract from 
2/6 tip, in Fig. 7c from 4/6 tip and in Fig. 7d from 8/6 tip. 

These experiments indicate that the R.L.F. enhances the curvature 
of non-irradiated and irradiated plants at the same exogenous I.A.A.- 
concentration, independent of the amount of R.L.F. 
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_ It appears impossible to attribute the absence of the first maximum 
in the curve presenting the size of the curvatures of non-irradiated 
test plants to their too high endogenous J.A.A.-level. 

This appears from the fact that, by applying a purified extract from 
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Fig. 7. Influence which a purified extract from coleoptiles irradiated with red 

light exercises on the curyature of test plants. a: No extract added. 6: Each test 

plant supplied with extract from 2/6 tip. ¢: Each test plant supplied with extract 
from 4/6 tip. d: Each test plant supplied with extract from 8/6 tip. 


irradiated coleoptile tips, the development of such a first maximum 
can be obtained. Two possibilities for explaining the different behaviour 
of irradiated and non-irradiated coleoptiles are left: 

Firstly, irradiation with light of A = 660 my may cause or increase 
the formation of R.L.F. 

Secondly, irradiation with light of A = 660 my may enhance the 
capacity of the coleoptile to react to R.L.F. already present. 

As an argument in support of the first explanation we may adduce 
the observation that ‘“‘dark”’ coleoptiles can react to a supply of 
R.L.F., which would be difficult to conceive if the second explanation 
were the right one. 

If irradiated coleoptiles contain more R.L.F. than non-irradiated 
ones, the supply of this substance required by irradiated coleoptiles 
in order to reach the ‘“‘optimum”’ concentration, would be less than 
that required by the non-irradiated ones. This expectation was not 
fulfilled in our experiments, but this negative result may possibly be 
due to the limited range of concentrations that were tested. 
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SUMMARY 


After irradiating seedlings with light of 4 = 660 my it appeared possible to 
isolate from the coleoptile tips a compound (R.L.F.) which causes in the curve 
presenting the degree of curvature in non-irradiated coleoptiles the appearance 
of a similar first maximum (at low I.A.A. concentrations) as occurs naturally in 
that of the irradiated ones. The first peak in the curvature-concentration curve 
appears in this case in irradiated and non-irradiated coleoptiles at the same 
exogenous I.A.A. concentration, independent of the amount of R.L.F. supplied 
or already present (in the irradiated test plants). 


CHAPTER VII 


IDENTITY OF (LHE RED WIGHT FACTOR 


1. DiscussIoN ON THE IDENTITY OP Verh, Rete. 


With regard to the identity of the R.L.F. only vague indications 
can be given in this chapter. 

1. It is probably an acid. This can be concluded from the fact 
that it can be transferred by shaking from an acidified aqueous 
solution into ether. 

2. In experiments in which the R.L.F. was heated during two 
hours either in 1.5 N HCl or in 1.5 N KOH, it appeared that the 
R.L.F. is acid proof, but that it looses its activity if it is boiled with 
alkali. ‘The experiment was made according to the method of Trrp- 
sTRA (1953). The curvatures induced by mixtures of I.A.A. and 


the R.L.F. either untreated or treated with acid or alkali, are given 
in Table XVII. 


TABLE XVII 


LA.A. _ Curvature in degrees after the addition of 
concentration | Control | _extract from one tip per test plant | 

ae eral - | | untreated | boiled with acid | boiled with alkali 
Ove << Jee eee | 8 9 oF 4.3 
LOO se 1O=2 20093 ce | 1o=e 2 28 222 
1.25 x 10-7 00 29 [oes 90 = 8 | 30 4 3 
The amounts of R.L.F. that were applied in this series of experi- 


ments, were considerably higher than those used in the experiments 
of chapter VI. 

3. Ifthe R.L.F. is applied to Avena coleoptiles, without addition 
of I.A.A. it causes no curvatures. For this reason it is improbable 
that the R.L.F. is identical with Kécu’s auxin-a.>\This would be 
possible only in the event that Kéct’s auxin preparation had been 
polluted with so large an amount of I.A.A. that the curvatures 
induced by solutions of this preparation might be ascribed to an 
additive activity of ILA.A. and auxin-a, but as his preparation was a 
highly purified one, this is hardly conceivable. 

4. Brian and Hemmine (1957 and 1958) found that pea epicotyls 
fail to respond to gibberellic acid if there is no I.A.A, in the culture 
solution. Gibberellic acid enhanced the growth-promoting activity of 
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].A.A. at all the I.A.A. concentrations that were tested. This is not 
in conformity with the way in which the R.L.F. interacts with I.A.A. 
Moreover gibberellic acid is not acid proof. 

Yet it seemed worth while to determine the Rf-value of gibberellic 
acid in our chromatograms, and to investigate the activity of gibberellic 
acid in the straight-growth test and in the curvature test. 


2. DETERMINATION OF THE Rf-vVALUE OF GIBBERELLIC ACID 


4 wg gibberellic acid was mixed with 4 wg I.A.A. and chromato- 
graphed as described in chapter V. After being developed, the 
chromatogram was dried, sprayed with 1 9 H,SO, in methanol, and 
dried again at 60° C during 10 minutes. After this treatment the spot 
of gibberellic acid can be seen in U.V. light. 

The I.A.A. spot was detected on a parallel strip of the chromatogram 
as described in chapter V. 

The results cf 5 experiments can be seen in Table XVIII. 


TABLE XVIII 
The Rf-values for: 


LA.A. Gibberellic acid RAGE 
0.35 0.52 
0.49 0.59 
0.34 0.54 > 0.45 
0.31 0.48 
0.62 0.74 


nearer to the front than I.A.A. 
Thus the Rf-value of gibberellic acid does not exclude in advance 
the possibility that the R.L.F. is identical with gibberellic acid. 


3. ACTIVITY OF GIBBERELLIC ACID; CURVATURE TEST 


For these experiments agar slices were soaked in mixtures of I.A.A. 
and gibberellic acid. Preliminary tests showed that 10~° g/ml and 
1.5 x 10-* g/ml gibberellic acid were concentrations suitable for our 
purpose. The agar blocks were tested on once decapitated Avena 
coleoptiles. The coleoptiles were cultivated and tested as described in 
chapter V, and were kept in absolute darkness till the moment of 
decapitation. 

Table XIX shows the curvatures of the test plants two hours after 
application of the agar blocks; two experiments were made. Experi- 
ment II is plotted in Fig. 8 (left). 

Obviously gibberellic acid can induce at low I.A.A. concentrations 
an additional peak in the curvature-concentration curve. 


4, STRAIGHT-GROWTH TEST WITH I.A.A. COMBINED WITH GIBBERELLIG 
ACID 
Finally some cylinder tests were carried out with mixed solutions of 
L.A.A. and of gibberellic acid. The method is described in chapter Li, 
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TABLE XIX 


i 


Curvature in degrees 


pe ee concentration of gibberellic acid in g/ml : 

in g/ml 0. 10-8 15 °< 10-8 

EXP. I 
as, 

OHO Se MO 1242 11 +2 I] + 2 

Os < WOr# 11 +1 11 +3 13 = 3 
Ox8 << lO 1442 20 + 2 17 +1 
OR se WO UE) el 1542 15 +0 

LO se et 26 + | 17 +2 21 Bie 

heal Se Oe 23 +2 23 +2 22 + 3 

2 SZ Oe" 23 + | 2342 26 Sad 

IB s¢ 1O= 24 + | 25 + 2 26 + 2 ; 

EXP. II Wiha. 

_ ean Se 5 ee et 
Der s< IO=« 5+] | 9 + 2 | 8 2 
O7S x NO 7 +0 | 44] a 22 
OSB7 s< MOR* 9+4+2 10 +2 7+2 
100 x 1@=¢ 2+1 19 +2 | 7+ ] 
WAZ < MOS | 13 +2 | io=e2 | ee 
125 se @=# 10 +2 7+1 642 
lod Se UO—? 1242 19 +2 16 + 1 

22+ degrees 61 F 

curvature length ee 

20 F 60+ 

18° is 

16 58 

We Ie 57 Fb 

125 56; 

10 + 55 | i 

Bf 54+ ene 

| a 

ar 527 

27 51 

cone IAA g/ml x 107 [ fog Gone Uke 
075 087 100 112 125 137 z 50 “9 8 4 76 


leita Sh 
cylinder 


testy GOts: nom Gane 


Influence of gibberellic acid. Left: in the curvature test, right: in the 
added; circle: 10-§ g/ml G.A.; triangle: 


1.5 10-* gfmal GVA. 


The coleoptiles that were to be cut into sections in orange light, were 
not pre-illuminated with red or orange light. 

In Table XX the length reached by the sections during the three 
hours they floated on the surface of the solutions, is presented in 


scale units; two ex 


Fig. 8 (right). 


periments were made. Experiment II is plotted in 
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TABLE XX 


Final length of sections in scale units 


Ie AeAG EXP. T EXP. II 
concentration | Concentration of gibberellic | Concentration of gibberellic 
in g/ml acid in g/ml acid in g/ml 
0. 10-8 0. 10-8 
0. 59.5 +.0.2 BOO. 1 53,1-450.3 5o4 ee 02 
1.10-10 53.0 + 0.2 52.9 + 0.3 53.8 + 0.3 53.3 + 0.2 
3.10-10 52.3. +.0,3 53.0. 0.3 53.4 + 0,2 BAT sex()D 
1.10-9 513 OL.) 52.8 0.2 53.3 == 0.1 54.0 + 0.2 
3.1079 53.7 + 03 53.1 + 0.3 528 = 0.2 53.7 + 0.3 
1.10-8 54.1 4+ 0.3 53.5 + 0.3 55.3 + 0.3 54.1 2 0.2 
o105% 56.3 + 0.6 55.5 0.4 ah Se OS 57,5 0.5 
1.107 50.6 -- 057. |, 60.3 0:7 
1.10-8 60.5 + 0.7 60:2. 0:8 


Gibberellic acid indeed enhances the growth of the sections at 
low I.A.A. concentrations, and consequently produces an additional 
peak in the graph. 


SUMMARY 


The activity of gibberellic acid in the curvature test and in the straight-growth 
test as well as its place in the chromatogram are comparable to those of the R.L.F. 
This, however, is not sufficient to prove the identity of the two compounds. 


CHAPTER VIII 


THE R.L.F. IN CONNECTION WITH THE PHOTOTROPIC 
REACTIONS OF AVENA COLEOPTILES 


As shown by Arisz (1915) the phototropic curvature of Avena 
coleoptiles is a periodic function of the light energy provided that 
the latter is supplied within a short time. With increasing amounts 
of light under these circumstances a first pcsitive, a negative and a 
second positive curvature are produced. These different responses may 
be attributed to 
a. a redistribution of auxin due to a lateral shift of the auxin transport 

to the shade side, 

b. an inactivation of auxin by the light, 
c. an increase in the auxin synthesis at higher light intensities, 
d. areduced response of cells to auxin under the influence of the light. 

Arguments for and against each of these possibilities were reviewed 
by Scurank (1950) and Wenr (1956). By none of the investigators 
whose experiments had a bearing on the question of the cause of these 
differences in phototropic behaviour, the influence of red light was 
taken into account. 

Now it was shown in the preceding chapters that the growth of a 
coleoptile which is irradiated with light of 2 = 660 mu decreases 
with decreasing I.A.A. concentrations, but increases again at low 
I.A.A. concentrations before it is reduced to zero. This relation 
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between growth and I.A.A. concentration curve is represented tenta- 
tively by one of the curves shown in Fig. 9. (broken line). 

The curve for the plants that were not pre-illuminated (solid line), 
has been based on the data obtained by the experiments discussed in 
this chapter, as will be shown on p. 31. 

Fig. 9 seems to offer a new possibility for the explanation of the 
negative and the second positive curvature. 

Let it be assumed, with OpPpeNoorTH (1941), that the auxin content 
of the coleoptile decreases with increasing quantities of blue light. 
As the irradiated side of the coleoptile receives larger amounts of 
blue light than the shade side, the illuminated side will contain less 


———_ not irradiated 
a oe irradiated with 
light of \=660my 


conc IAA in arbitrary units 


Fig. 9. Tentative course of the growth rate curve of intact coleoptiles at different 
I.A.A. concentrations. ciréle: I.A.A. level of non-irradiated plants; dot: I.A.A. 
level of plants’ irradiated with red light. 


auxin than the shade side. Now with increasing amounts of unilateral 
light energy the I.A.A. content of the light side as well as that of the 
shade side can be imagined to move along the graph of Fig. 9 to 
the left, that of the light side preceding that of the shade side. 

At the outset (at low light energy, i.e. ata high but decreasing auxin 
content of the coleoptile) the growth of the light side may be less 
than the growth of the shade side (first positive curvature). When 
mounting the slope towards the first peak from the right side of the 
graph, however, the growth rate of the light side may surpass the 
growth rate of the shade side (negative curvature) whereas, when the 
first peak has been passed, the tables are once more turned (second 
positive curvature). 

This supposition could be checked by investigating the influence 
which a pre-illumination with light of A — 660 my exercises on the 
growth rate of a coleoptile whose phototropic reaction lies at the 
turning point from the negative to the second positive curvature. 
If this turning point really corresponds with the first peak of the 
curve which presents the relation between growth and I.A.A. con- 
centration, the growth rate of coleoptiles should at. this point be 
enhanced by an irradiation with light of 2 = 660 my. 

In the same series of experiments the influence which irradiation 
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with light of 2 = 660 mu and of 4 = 480 my and with combinations 
of these wave lengths exercises on the straight growth of coleoptiles, 
was studied also in the regions of the first positive and negative 
curvature. 


METHOD 


The coleoptiles were cultivated as described in chapter II for the 
experiments on phototropism. When the seedlings were 88 hours old, 
a particle of vermiculite was fixed by means of lanoline on the 
coleoptile at a distance of about 1 cm from the tip; this operation 
was performed in green light of 4 = 560 my; the particle was to 
serve as mark. Next the coleoptiles were photographed by use of 
light of A = 560 my, and irradiated unilaterally with light of 4 = 
660 mu, A = 480 mw or both. 

Two hours after the irradiation the coleoptiles were photographed 
again. The increase in length of the coleoptiles from tip to mark 
was measured in mm. 


EXPERIMENTS 


The results of these experiments are recorded in Table XXI. 
The result of one of them is plotted in Fig. 10. 


control first positive first negative second positive 
curvature curvature curvature 
480mpu 480mu 480m 
=> —- ——— 
L D L D t D L D 


not irradiated with 660myu 


480mu 480mpu 480my 
= ——_ os 
L D 


L D L 2) [l D 
irradiated with 660mpu 


Fig. 10. Increase in length in 2 hours of the light side (L) and of the shade side (D) 

of coleoptiles that were one-sidedly illuminated with blue light of various inten- 

sities; the coleoptiles of the lower row previously irradiated with light of 660 my, 
those of the upper row not previously irradiated. 
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TABLE XXI 


Growth in mm during 2 hours after different irradiations 


Region of the first positive phototropic curvature 


No‘lizhtof || 20sergs/em" 4 480iamn 
A ae 480 mu light side shade side 
not pre-illuminated 0.55 2 0,06. (8) | 0.126 0,04 (16) 0.49 320.06 (16) 


pre-illuminated with | 
700 ergs/cm? A = 660 mu 0.40 + 0.04 (23) | 0.21 + 0.04 (17) | 0.66 + 0.06 (17) 


not pre-illuminated 0.57 + 0.05 (20) | O20 LE O04 059 SS O08 es 
pre-illuminated with 
700 ergs/cm? 24 = 660 mu | 0.43 + 0.07 (12) 0.13 


+ 0.05 (9) |0.71 + 0.09 (9) 


Region of the negative phototropic curvature 


No light of | 4800 ergs/cm? 4 = 480 my 
2 = 480 my light side shade side 
not pre-illuminated 0.57 + 0.05 (20) 0.60 + 0.16 (8) | 0.36 + 0.08 (8) 


pre-illuminated with 
700 ergs/cm®* A = 660 mw | 0.43 + 0.07 (12) | 0.45 + 0.08 (8) | 0.45 + 0.08 (8) 


not pre-illuminated 0.55 + 0.06 (18) | 0.50 + 0.17 (3) | 0.30 + 0.17 (3) 


Transition region from negative to second positive phototropic curvature 


No light of 24000 ergsfem® 2 = 480 my 
A = 480 mu | light side | shade side 
not pre-illuminated 0.50 + 0.06 (12) | 0.56 + 0.05 (14) | 0.56 + 0.05 (14) 
pre-illuminated with | 
700 ergs/cm? 2 = 660 mu O72 == 010615) 0172 22010615 
not pre-illuminated 0.58 + 0.05 (15) | 0.53 + 0.12 (06) | 0.53 + 0.12 (06 
pre-illuminated with 
700 ergs/cm? A = 660 mu | 0.77 26 0.04 (17) (0577 32 0.04 17 
not pre-illuminated 0.78 + 0.04 (11) | 0.78 + 0.04 (11 
pre-illuminated with | | 
700 ergs/cm? A = 660 mu | 0.97 2: 0.08 (12) | 0,97 -— 0.0812 


It appears that: 

a. irradiation with 700 ergs/em? 2 = 660 my alone inhibits the 
growth of the coleoptiles; 

b. unilateral light of A = 480 mw (20 ergs/cm?) if given to coleoptiles 
not irradiated with 2 = 660 my, inhibits growth at the light side 
only, but in coleoptiles pre-irradiated with 2 — 660 Im, “itven= 
hances in addition the growth rate at the shade side; 

c. in the region of the negative curvature the growth of the shade side 
is inhibited; 

d. at the turning point from negative to second positive curvature 
a previous illumination with light of 2 = 660 my enhances the 
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growth rate of the coleoptiles; the growth rate of these pre-illuminated 
coleoptiles is also larger than that of controls kept in complete 
darkness. 


DISCUSSION 

Table XXI shows that with increasing quantities of unilateral 
blue light the growth at the light side first passes a minimum (first 
positive curvature) and that then the growth at the shade side too 
passes a minimum (negative curvature). This holds true for coleoptiles, 
no matter whether they are pretreated or not pretreated with red 
light. This fits in with the hypothesis that was expounded in the 
introduction to this chapter and according to which the growth of 
light and shade side can be schematically represented by the graph 
of Fig. 9. Moreover irradiation with light of 4 = 660 my enhances 
the growth of the coleoptiles in the transition region between the 
negative and the second positive curvature. So the growth of light 
and shade side of coleoptiles not irradiated with light of A = 660 my 
runs along the solid graph of Fig. 9, whereas the growth of coleoptiles 
pre-irradiated with light of A = 660 my is indicated by the broken 
line. Indeed, there is a striking resemblance between the growth 
pattern shown by the coleoptiles under influence of increasing 
quantities of blue light and that shown by them under the influence of 
decreasing quantities of I.A.A. However, in the introduction to this 
chapter we assumed that by increasing the quantities of blue light the 
I.A.A. content of the coleoptile decreases. If this is right, the negative 
and second positive curvature must be due to the activity of the R.L.F. 
Unfortunately, the results of the experiments by the aid of which 
OppenoortuH (1941) thought that he could prove the inactivation of 
auxin by blue light, have lost their convincing character since 
Terpstra (1953) demonstrated that Oppenoorth’s method of auxin 
extraction is not reliable. Secondly, OppENooRTH estimated the 
overall auxin content of his extracts in the manner that was usual 
at that time, and not the I.A.A. content itself (i.e. after chromato- 
graphic separation). So the evidence, advanced thus far, should be 
completed by a determination of the I.A.A. content of coleoptiles 
irradiated with 24 000 ergs/cm? A = 480 my, that is at the transition 
of the negative to the second positive curvature. 

The experiments of Table XXI show that at the turning point of 
positive and negative curvature coleoptiles which are not irradiated 
with red light, nevertheless show a first growth peak, though a less 
pronounced one than is shown by coleoptiles that have been irradi- 
ated with red light. This is indicated by the solid line of Fig. 9. Pre- 
sumably either decapitation and sectioning of the coleoptiles obliterate 
this less pronounced peak, or large quantities of blue light have the 
same effect as red light in producing a first growth peak. 

From these experiments information is obtained also on the cause 
of the first positive curvature. They confirm the observation of 
BEyER (1927) that with the first positive curvature the growth at 
the irradiated side of the coleoptile is inhibited, the growth at the 
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dark side on the other hand enhanced. It appears, however, that 
this enhancement of the shade side occurs only in pre-irradiated 
coleoptiles. The most plausible explanation is the classic one, viz. 
that the unilateral blue light causes an accumulation of the available 
auxin at the shade side of the coleoptile. That this accumulation 
would not occur with coleoptiles that have not been irradiated with 
red light, is unlikely. Maybe the difference in the reaction of irradiated 
and non-irradiated coleoptiles is connected with the reduction of the 
I.A.A. content of the coleoptiles by red light. Possibly the I.A.A. 
level of the non-irradiated coleoptiles is above the optimum so that 
an increase of the I.A.A. content at the shade side cannot result in 
an enhancement of the growth rate. So in our opinion the first positive 
curvature is due to a shift of I.A.A. towards~ the shade side; 
the negative and the second positive curvature to a reduction of the 
I.A.A. content at both light and shade side of the coleoptile, which 
brings the coleoptile into the action region of the R.L.F., possibly 
combined with an accumulation of I.A.A. This is in line with the 
views of WENT (1956). 

This chapter may end with a short contemplation of the changes in 
“disposition” (“‘Stimmung”’ or “‘tonus’’), i.e. the changes which the 
power to react to a stimulus undergoes under the influence of a 
preceding stimulus. Artsz (1914) stated that the duration and the 
intensity of a preceding all-round illumination determine the way 
in which the coleoptile reacts on a following one-sided light stimulus. 
By pre-illumination with white light the plant can reach a stage in 
which it reacts on avunilateral illumination by a negative curvature. 
With a longer duration of the*pre-illumination the faculty to produce 
a positive curvature returns. In our opinion pre-illumination reduces 
the I.A.A. content of the coleoptile. If it is true that the I.A.A. level 
determines whether a positive or a negative curvature will result, 


the so called phototonus of a coleoptile must entirely depend upon 
its 1.A.A. level. 


SUMMARY 


In this chapter evidence is adduced for the hypothesis that the first positive 
curvature is due to a shift of heteroauxin to the dark side of the coleoptile; the 
negative and the second positive curvature on the other hand would be due to 
a reduction of the I.A.A. level in the coleoptile as a result of which the red light 
factor gets the opportunity to influence growth. Consequently the red light factor 
can influence not only the growth rate but the phototropic response as well. 


CHAPTER IX 


THE INFLUENCE OF FAR RED-—LIGHT (of 2 = 740 mu) 
ON THE AVENA COLEOPTILE 


In several instances an antagonistic effect of red and far red light 
has been found. 
In the preceding chapters it was shown that light of A = 660 mu 


(red light) has two different and probably independent effects on 
the Avena coleoptile, 
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firstly: the L.A.A. content of the coleoptile is decreased; the higher 
maximum reached by the first positive phototropic curvature is 
presumably connected with this decrease; 

secondly: at low I.A.A. concentrations a second growth maximum 
is induced, which causes an increase in the rate of growth of the 
coleoptiles at the turning point between the negative and the second 
positive phototropic curvature. 

It seemed worth while to investigate whether irradiation with 
light of A = 740 mw (far red light) antagonizes one of these effects 
or perhaps even both. 

The methods used to this end were the same as those described in 
the preceding chapters far the corresponding experiments on the 
influence of red light. 


EXPERIMENTS 


First effect 

a. Avena coleoptiles were unilaterally irradiated with 20 ergs/ 
cm? A = 480 my in order to produce a maximum positive curvature. 
They were pre-illuminated either with 700 ergs/cm? 2 = 660 my or 
with 6000 ergs/cm? 4 = 740 mu or with both. In Table XXII the 
resulting curvatures are shown. 


TABLE XXII 


Phototropic curvature (in degrees) induced by a unilateral illumination with 
20 ergs/cm? 2 = 480 mp without or after a pre-illumination with 


EXP. I EXP. II EXP, III 
ee eS 
-- 9.0 + 0.8 (14) 112.6 + 0.9 (10)| 9.9 + 0.9 (7) 
700 ergs/cm? 2 = 660 mp /13.3 + 1.4 (09) | 17.1 + 1.8 (08); 14.0 + 1.8 (5) 
700 ergs/cem? 2 = 660 mp + 
6000 ergs/cm? 2 = 740 my 12.2 + 1.3 (10) 20 Te 0.8 (11) | 13.4 oe 0.8 (5) 
PF Tae EXP. IV EXP. V | EXP. VI 
a= ele > = ae = 
— 12.3 + 1.4 (7) 9.9 + 0.9 (7) | 8.6 + 1.1 (8) 
6000 ergs/cm? 2 = 740 mu 16.2 + 1.3 (6) | 15:4 + 1.4 (5) | 14.0 + 0.8 (8) 


It appears that illumination with light of 4 = 740 my does not 
reverse the effect of illumination with light of A = 660 mp. On the 
contrary, it has the same effect, viz. a larger maximum curvature. 

b. The same conclusion can be drawn from experiments on the 
influence which light of A = 740 my exercises on the absolute growth 
of the coleoptiles in the region of the first positive curvature. Like 
light of A = 660 my, it inhibits the growth of coleoptiles that were 
not subjected to unilateral blue light (Table XXIII), and it increases 
the growth at the shade side of coleoptiles that are developing a 
phototropic curvature after an unilateral irradiation with 20 ergs/ 


em? A = 480 mp. 
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TABLE XXIII 
Growth of the light and shade side (in scale units) after unilateral irradiation 


No light of Light side | Shade side 


| A=480 mu 
no pre-illumination 0.58 + 0.08 (20) | 0.13 + 0.04 (14) | 0.62 + 0.05 (14) 


pre-illuminated with | a be: Lo 
6000 ergs/cm? A = 740 my | 0.46 + 0.08 (12) | 0.07 + 0.03 (11) | 0.66 + 0.07 (11) 


no pre-illumination 0.57 + 0.05 (20) | 0.20 + 0.04 ( 7) | 0.59 + 0.08 (7) 
pre-illuminated with 4 ’ ; 
6000 ergs/cm? 1 = 740 my | 0.46 + 0.09 (10) | 0.22 + 0.06 (12) | 0.93 + 0.09 (12) 


c. Finally it could be proved that light of 2 = 740 mu reduces 
the I.A.A. content of Avena coleoptiles in the same way as light of 
A = 660 my does; this is shown in Table XXIV. 


TABLE XXIV 
Curvature test of extracts 


Coleoptiles irradiated with 


Extract from |. | Non-irradiated coleoptiles | 6000 ergs/em? 2 = 740 mu 
| | 
30. tips 10 + 3 4p Se (0,5 
20 tips 8 2 3 +1 
20 tips 742 12 1 


Second effect 


a. By application of the straight growth test (compare chapter IV) 
we studied the influence which light of 4 = 740 my exercises on the 
first peak of the curve which presents growth as a function of the 
I.A.A. concentration in coleoptiles that have been irradiated with 
light of A = 660 mu. In Table XXV the final lengths of coleoptile 
sections at the critical I.A.A. concentrations are given in scale units. 
It appears that the growth-enhancing effect of light of A = 660 mu 
is completely or partly neutralized by illumination of the seedlings 
with light of 2 = 740 mu. 


TABLE XXV 
Growth of coleoptile cylinders in solutions of I.A.A. 


eee 


in a concentration of 


10-9 g/ml | 3.10-® g/ml 

I II | I II 
ee eS ee ee 
not pre-illuminated 52.6 202.512 420.94 51 A OS) 5128 220.3 


pre-illuminated with 
700 ergs/cm? A = 660 mu 93.3 3: 0.2 | 52.7 4 0.31526 4 0.1) 53/5 + 0.3 
pre-illuminated with 
6000 ergs/cem? A = 740 my + 
700 ergs/cm? 2 = 660 mu 32.8)\2= 0.3.).5159) 22 0.25240) 4. 0,3. 593 + 0.1 


6. Finally it was investigated whether irradiation with light of 
4 = 740 mw reverses the effect which light of 4 = 660 my exercises 


THE INFLUENCE OF RED AND FAR RED LIGHT ON THE AVENA SEEDLING 35) 


on the growth of coleoptiles in the transition region between the 
negative and the second positive phototropic curvature. To this end 
coleoptiles were pre-illuminated either with 700 ergs/cm? 2 = 660 mu 
or with 700 ergs/cm? 4 = 660 mu immediately followed by 6000 
ergs/cm? 4 = 740 mw and then irradiated one-sidedly with 24000 
ergs/cm? A = 480 mu (see chapter VIII). Table XXVI gives the 
increase in length of the coleoptiles two hours after this treatment. 
It can not be doubted that the effect of light of 2 = 660 my is anni- 
hilated by light of 740 my. | 


TABLE XXVI 
Growth of coleoptiles after an irradiation with 


ee No light of | 24000 ergs/cm? 
Pre-illumination e480 nk A= A480 ae 

none ; 0.45 + 0.06 (11) 0.40 + 0.05 (15) 

700 ergs/em? A = 660 mu 0.64 + 0.07 (15) 
700 ergs/cm? A = 660 mu + 

6000 ergs/cm? 2 = 740 mu 0.47 + 0.07 (12) 


DISCUSSION 


Irradiation with light of 2 = 740 my antagonizes the effect of light 
of 2 = 660 my on the growth peak at low I.A.A. concentrations 
that appears in the curve which presents growth as a function of the 
I.A.A. concentration. The influence which light of 4 = 660 mu 
exercises on coleoptiles in the transition region between the negative 
and the second positive phototropic curvature too is antagonized 
by light of 2 = 740 mu. This finding is another argument in favour 
of our attempt to link up the phenomena of the negative and second 
positive curvature with the occurrence of a first growth peak, i.e. the 
one found at low I.A.A. concentrations. Illumination with light of 
4 = 740 my and with light of 2 = 660 my, however, have the same 
effect on the growth of coleoptiles, that were not exposed to unilateral 
blue light, as they have on the first positive curvature and on the 
I.A.A. content. It therefore may be concluded that the hypothesis 
that a relation exists between some of the effects of red light, viz. 
the enhancement of the first positive curvature, the decrease of the 
growth rate, and the decrease of the I.A.A. content, gains in probability. 
” A twofold effect of far red light was found also by De Lint (1957). 
In his experiments on the effect which irradiation excercises on the 
final length of Avena coleoptiles, far red irradiation decreased the 
length as compared to that of non-irradiated coleoptiles, but it partly 
reversed the inhibition induced by red or yellow light. 

Now our Fig. 3 shows that the introduction, by irradiation with 
red light, of a first peak in the curve which presents growth as a 
function of the I.A.A. concentration, is accompanied by the in- 
troduction of a depression at somewhat higher I.A.A. concentrations. 
Fig. 5 shows that a similar depression is caused by the R.L.F. extract 
and that the depression is the more pronounced the higher the amount 
of R.L.F. As irradiation with far red light annihilates the first growth 
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peak caused by the R.L.F., it will, in all probability, also annihilate the 
growth depression due to the R.L.F. Presumably De Lint has reduced 
the I.A.A. content of his coleoptiles by irradiation with red or yellow 
light to the level where the R.L.F. causes the growth depression 
discussed above, and he has abolished the depression with far red 
light. Since far red light, as well as red light, reduces the I.A.A. 
content of the coleoptile, it must be impossible that the final length 
of the dark controls is attained by coleoptiles that have been exposed 
to a far red irradiation. DE Lint found that they do not do this. 


SUMMARY 

One of the two effects of red light on the Avena coleoptile is neutralized by 
far red light, namely the transformation of the one-peaked curve which presents 
growth as a function of the I.A.A. into a two-peaked one. 
_ On the other hand far red light has the same depressing effect as red light on 
the growth rate of non-illuminated coleoptilés and on the maximum of the first 
positive phototropic curvature. 


CHAPTER X 


CONSEQUENCES WHICH THE DISCOVERY OF THE 
INFLUENCE EXERCISED BY RED AND ORANGE LIGHT 
ONSAVENA COLEOPTILES HAS FOR THE 
APPLICATION OF AUXIN TESTS 


In the preceding chapters it was shown that orange and red light 
influence the reactions of the coleoptile on I.A.A., and that this 
influence is exercised via'the primary leaf. Without intending a 
further comprehensive analysis we performed some experiments in 
order to learn the effect of orange light on the results of the curvature 
MES. 


I 


Usually one switches on the orange light when entering the dark- 
room with the intention to carry out a curvature test. In consequence 
the last seedlings to be decapitated have much more time to react 
on the orange light than the first ones because, as has been shown 
above, the seedling reacts only so long as the primary leaf remains 
intact. If it can be shown that this commercial practice influences 
the curvatures of the test plants, one should operate carefully when 
using orange light. We investigated this in the next experiments. 

At the beginning of the experiment the racks with coleoptiles that 
were to be tested, were all illuminated at the same time with orange 
light. The curvature test was carried out as usual, i.e. the plants were 
decapitated twice with an interval of two hours. The primary leaf 
was removed after the first decapitation. The subsequent treatments 
were applied first to series a, next to series 6. There was an interval 
of 30 minutes between the treatment of the first rack of series a and 
that of the first rack of series 0. 
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TABLE XXVII 
Effect of orange light on the standard Avena (curvature) test 


I.A.A. concentration _ Curvature in degrees 
in g/ml series a | series 5 

0. Sek Ot 4529 ah. I 
O22 oes 9+] 7+ 1 
O50" LO 11 + 2 12+1 

Oo Om Gy SE 1] 13 S51 

1.00 10-7 20 + 1 16 = 1 

pam WG=¢ 15 +2 14 + 1 


Table X XVII gives the curvatures of the plants two hours after the 
application of the agar blocks with I.A.A. In series ) the maximum 
curvature is decreased as compared to series a. If this test method is 
used to compare quantities of auxin, the use of orange light therefore 
is apt to pervert the results. This source of error can be eliminated 
by keeping the test plants in the dark till the very moment of de- 
capitation. 


II 


With the standard curvature test it is usual to decapitate the 
coleoptiles twice; this practice is based on the finding of VAN Der WEY 
(1931) that the sensitivity to auxin is enhanced by a second decapita- 
tion. After the first decapitation the primary leaf is usually loosened, 
though VAN DER Wey did not indicate whether he did this or not. 

Now we made it our point to find out whether the “increase in 
sensitivity’ (by which VAN DER Wey denoted the fact that at low 
auxin concentrations larger curvatures were obtained) is due to the 
second decapitation or to the circumstance that the removal of the 
primary leaf was postponed. 

Four series of plants were tested with the same series of dilutions 
of a I.A.A. solution. Each rack of plants was kept in darkness till its 
turn for decapitation had come. 

Series a was decapitated twice with an interval of 14 hours. The 
primary leaf was pulled out in the usual way after the first decapitation. 

Series b was treatened like series a, but the primary leaf was not 
loosened until after the second decapitation. 

Series c was decapitated once. The primary leaf was pulled out 
immediately after decapitation, but the agar blocks were applied 
after 14 hours to make this series comparable to series a. 

Series d like c, but the I.A.A. was applied immediately after 
decapitation. 

The results are recorded in Table XXVIII. 

The largest curvatures at low I.A.A. concentrations are not to be 
found in series a, but this series shows the best proportionality between 
curvature and I.A.A. concentration. Obviously a second decapitation 
does not enhance the reaction to low concentrations of I.A.A. Probably 
VAN DER WEY came to this conclusion by comparing a series d with 
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TABLE XXVIII 


I.A.A. concentration : Curvature in degrees rs = 
in g/ml a b C d 
| 

0.50 x 10-7 oy ae @ 2) Fetes 
O75 ~ 1027 104 2 19229 15 42 0 a9 
1.00 x 10-7 ORES te ices 59 1449 
1.25 x 1077 16 aL | 15 21 tye 1242 
1.50 x 10-7 - iv 2 ist igi i424 
2.00 x 10-7 1 26) hee 18 4a 1a 21 
9.50 x 10-7 {7 3. 9 ie 429 Veal 93 45 


a series >, Indeed series ) responds more vigorously than series d to 
small amounts of I.A.A., but this is caused by the fact that in series b 
the primary leaf was left intact during 14 hours after the beginning 
of illumination, and not by the second decapitation. This appears 
from a comparison between series a and series c, which shows that 
the second decapitation decreases the “‘sensivity’? instead of en- 
hancing it. 

So if a good proportionality between curvature and I.A.A. con- 
centration is wanted, one should decapitate twice, but if very sensitive 
plants are needed, one should decapitate once and apply I.A.A. 
1} hours after decapitation. 


ae 


It apparently needs no special experiments to ascertain that 
illumination of the test plants with orange or red light will influence 
likewise the results of the straight-growth (cylinder) test. 


IV 


It seemed worth while to know how long after the illumination the 
influence of orange light persists. In chapter II we showed that 
irradiation with orange light enhances the maximum of the first 
positive curvature. To solve the question indicated above, we irradiated 
coleoptiles unilaterally with 20 ergs A = 480 mu 0, 1, 2, 4 or 6 hours 
after a pre-illumination with orange light. From table XXIX it 
appears that the influence of orange light is still recognizable six hours 
after its application. 


TABLE XXIX 
} | Phototropic curvature in degrees after 
Interval between pre-illumination | 20 ergs/em? 4 = 480 my 

with orange light and = = 


irradiation with blue light | pre-illuminated | not pre-illuminated 
coleoptiles coleoptiles 
0) hour 32 Bes 1 (7) | 15 Sle 1 (5) 
1 hour 21 as 3 (5) 12 ae 2 (7) 
Y hours 19 i= 2 @) 14 aE ] (7) 
4 hours 19 Se 2 (o)) 13 = yy, (4) 
6 hours 16 2. 0) ) | 12 4S) 
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SUMMARY 


1. Orange light, as used in the air-conditioned dark rooms, influences the 
reactions of Avena coleoptiles to indole-3-acetic acid (I.A.A.). 
2. ‘The orange light does not act upon the coleoptile directly, but through 
the intermediary of the tip of the primary leaf. 
3. Light of A = 660 mu as well as light of A = 740 mu appeared to be active. 
4. Irradiation of the Avena seedling as a whole, with 700 ergs/em? 2 = 660 mu 
has two effects: 
a. it reduces the I.A.A. content of the coleoptiles. 
b. it enhances either the amount or the effect of an unidentified substance, 
here called the red light factor (R.L.F.). 

5. The R.L.F. regulates the growth of the coleoptile in a narrow range of 
I.A.A. concentrations. It enhances the growth rate at low I.A.A. concentrations. 
In this way the one-peaked curve which presents growth as a function of the 
I.A.A. concentration is transformed into a two-peaked one. 

Irradiation with 6000 ergs/cm? 2 = 740 mw annihilates effect 4b of light 
of 2 = 660 my, but reduces, like the latter, the I.A.A. content of the coleoptile. 
7. An explanation of the negative and of the second positive curvature could 
be based on a further study of the interaction of the R.L.F. with LA.A. 
8. The results of our experiments are a warning that the influence of orange 
and red light on the results of growth-substances tests should not be underestimated 
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DE LEVENSGY CLUS VAN 
CATAPODIUM MARINUM (L.) HussBarp 


A. DE VISSER 
(St. Laurens) 


(ingekomen 15 november 1958) 


Catapodium marinum (L.) Hubbard) werd in Nederland voor het 
eerst gevonden door Schoute en ter Pelkwiyk aan de binnenrand 
van de Slufter op Texel in juni 1937. Twee jaar later, in juni 1939 
vond Westhoff aan de Dellewal op Terschelling een viertal plantjes 
van dit gras. De derde groeiplaats in Nederland werd door mij op 
27 mei 1952 ontdekt in de geinundeerde Zwarte polder in Zeeuws 
Vlaanderen. 

De volgende jaren bleek mij, dat het gras over een grote oppervlakte 
verspreid in de Zwarte polder grocide, meestal in forse, gedrongen, 
flink uitgestoelde, liggende planten, met ertussen steeds rechtop- 
grociende, éénstengelige plantjes. Dit wekte bij mij het vermoeden, 
dat deze eenjarige soort gewoonlijk in het najaar kiemt en de winter 
doorkomt als jonge plant maar dat wellicht enkele zaden eerst in 
het voorjaar kiemen en deze dan de kleine plantjes met één stengeltje 
leveren. De vraag hoe kieming en groei van dit gras hier, aan de 
Noordgrens van zijn areaal,,verlopen, interesseerde mij, vooral toen 
in 1956, na de zeer strenge winter van 1955/56 niet anders dan de 
beschreven kleine, éénstengelige plantjes werden gevonden. De 
gevallen sneeuw was in de Zwarte polder ras verstoven en het eras 
was dus aan de felle koude en snijdende wind blootgesteld geweest. 
Bljkbaar hadden de planten deze koude niet overleefd en waren 
pends exemplaren afkomstig van in het voorjaar gekiemde 
zaden. 

Ik besloot toen, teneinde omtrent mijn veronderstelling zekerheid 
te krijgen, de ontwikkelingsgang van zaad tot bloeiende plant zo 
mogelijk in verschillende stadia te observeren. Ik koos hiertoe cen 
gedeelte van het terrein, dat ten volle aan invloeden van weer en 
water was blootgesteld en waarvan de plantengroei het best met 
het door Westhoff c.s. beschreven Saginetum maritimae overeen kwam. 

Op 25 mei 1956 deed ik mijn eerste waarnemingen. Nog slechts 
weinig plantjes vertoonden een begin van bloei, alle waren zeer 
klein, niet uitgestoeld en éénstengelig met weinig aartjes. Bijna alle 
grotere planten schenen op de grociplaatsen doodgevroren of door 
zon en wind doodgebrand. Op 9 juni bezocht ik de groeiplaatsen 
weer; het had intussen flink geregend en de temperatuur was aan- 
merkelijk hoger. Alle plantjes waren volop in bloei, Zl) waren wat 
gerekt en veel groener, doch het bleef bij één stengeltje. Zij groeiden 
tezamen met kleine exemplaren van Parapholis strigosa (Dum.) 
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Hubbard, Sagina maritima G.Don, Plantago coronopus L., Armeria 
maritima Willd. en Festuca rubra LL. Het geheel vormde een zeer 
armoedig gezelschap. 

Op 12 juli waren de meeste plantjes afgestorven en hadden het 
zaad laten vallen. Zij waren echter voor mij, die de groeiplaatsen 
kende, nog goed herkenbaar. Teneinde het verdere verloop goed 
te kunnen volgen had ik enkele plaatsen van merktekens voorzien. 
Enkele plantjes waren na flinke regenval opnieuw gaan groeien en 
hadden lager aan het stengeltje, waarvan de top al vergaan was, 
een nieuw ontsproten, nog groene en bloeiende aar. Om zeker te 
zijn, dat ik de kieming van het zaad goed zou kunnen volgen, heb 
ik op die plaatsen enkele stengeltjes met aartjes oppervlakkig inge- 
graven. Op 16 augustus was alles volledig afgestorven en van enkele 
halmen, die ik weer opgroef, was het zaad nog niet gekiemd. 

Bij een volgend bezoek, op 31 augustus, waren op de gemerkte 
plaatsen kleine kiemplantjes met ten hoogste vier zeer dunne sprietjes 
aanwezig. Bij het weer opgraven stelde ik door de aanwezigheid 
van de oude kafjes aan de kiemplantjes vast, dat zij inderdaad van 
Catapodium marinum waren en toen dat eenmaal was gebleken, kon 
ik ook op niet gemerkte plaatsen de kleine kiemplanten van die van 
andere grassen onderscheiden. Het ingraven bleek voor de kieming 
niet noodzakelijk te zijn geweest, want overal groeiden de kleine, 
goed ontwikkelde plantjes in goede gezondheid (Fig. la). 


Fig. 1. Kiemplanten van Catopodium marinum (L.) Hubbard, Zwarte Polder. 
a. 31 augustus 1956; b. 30 october 1956; c. 26 november 1956. 


Op 30 october waren de plantjes flink gegroeid en was cen begin 
van uitstoeling waar te nemen (Fig. Ib). 

De laatste maal dat ik in dit jaar de groeiplaats bezocht, was op 
26 november. De kiemplanten leken nu volledig uitgestoeld, sommige 
hadden tot 12 spruiten; dat is ook het maximum aantal bloeiende 
stengels, dat ik in voorgaande jaren aan één plant had aangetroffen 
(Fig. 1c). Dit beloofde dus voor het volgende jaar bij niet te strenge 
winter weer grote vertakte planten. ¢ 

Op 9 januari 1957 bleken de planten in rust te zijn. Ze waren 
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sedert november niet meer gegroeid. Blijkkbaar waren zi in het 
overwinteringsstadium. De winter verliep zonder veel koude en 
begin maart kon opnieuw groei worden geconstateerd. Omstreeks 
half april begonnen de bloeistengeltjes uit te schieten. Door koude 
vochtigheid duurde het evenwel toch nog tot 11 juni voor de planten 
volledig in bloei waren. Ze waren flink vertakt, doch door het 
ongunstige weer groeiden zij toch niet uit tot de forse exemplaren, 
die ik véér 1956 verzameld had. Sporadisch trof ik tussen de vertakte 
planten weer éénstengelige exemplaren als voorjaarszaailingen aan. 

Het onderzoek over 1957/58 verliep op ongeveer gelijke wijze. 
Ook de afgelopen winter bracht niet zodanige vorst of snijdende 
wind, dat de jonge planten te gronde gingen. Door het gunstige 
voorjaar groeiden de planten flink uit en zij waren overal in groot 
aantal, zowel op de beschreven plaatsen als tussen de hogere be- 
groeling aanwezig. Op de laatstgenoemde plaatsen schoten zi wyler 
op, waren niet zo sterk vertakt, doch langer. Door het zeer zonnige 
weer gedurende meerdere dagen in de bloeitijd werden de planten 
zeer rood en deden zij haar Nederlandse naam van “Laksteeltje”’ 
alle eer aan. 

Op grond van dit onderzoek kan worden aangenomen, dat 
Catapodium marinum (L.) Hubbard op deze breedte in het najaar 
kiemt en als jonge plant overwintert. Zij komt de normale winters 
zonder schade door en na bevriezing bij strenge koude is er blijkbaar 
nog een klein gedeelte zaad voor voorjaarskieming beschikbaar, 
zodat het voortbestaan ook door winters met uitermate lage tempe- 
raturen niet wordt bedreigd. 

De groeiplaats aan de Dellewal op Terschelling is in de oorlog 
als gevolg van vergraving door de bezetter verloren gegaan. In de 
Zwarte polder en in de Slufter groeit het gras thans nog in vrij grote 
hoeveelheden en het laat zich aanzien, dat zolang deze gebieden 
in hun tegenwoordige staat blijven, er voor verdwijnen van het 
gras geen vrees behoeft te bestaan. 


SUMMARY 


Catapodium marinum (L.) Hubbard is found growing in the Netherlands in the 
Slufter on the isle of Texel and in the inundated (flooded) Zwarte polder in 
Zeeuws Vlaanderen. An investigation was made on how the grass, that grows 
in the Netherlands on the northern boundary of its area, maintains itself. To that 
purpose a part of the habitat in the Zwarte polder was provided with marks. On 
these spots the development of the seed into the flowering plant was observed 
for the period of two years. It appeared that normally the seed germinates in the 
months of August/September and that the young plants have grown to thoroughly 
stooled plants before the setting in of the winter; in this stage they are able to 
hibernate when the winter is not too severe. A small percentage of the seed 
germinates not before spring, and the plants originated from this seed as a rule 
have only one flowering stem with few, small spikelets. 

After the severe winter of 1955/56 on the marked spots one-stemmed plants 
were found exclusively, from which fact it may be concluded that the plants of 
the preceding autumn had not outlived the severe cold. 
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NOTES ON AMERICAN GESNERIACEAE 


A. J. M. LEEUWENBERG 2) 
(Botanical Museum @& Herbarium, Utrecht) 


(recewwed October 6th, 1958) 


When studying the Gesneriaceae of Guiana (1958) the present 
author saw a fairly considerable number of misidentified and unnamed 
specimens some of which proved to belong to undescribed species. 
Several of the latter are described below. Besides, several of the 
species he met with, had to be transferred to other genera. New 
combinations, however, were made only in those cases where the 
author could examine the type. 


Alloplectus 


Section Macrochlamys (Dcne.) Fritsch in Engl. Prantl, Nat. 
Pflanzenf. 4(3b): 168. 1894 (“1895”) (Macrochlamys Dcne., Rev. 
Hortic. Sér. 3. 3: 243. 1849, as genus). 

Type species: A. coccineus (Aubl.) Mart. ex G.Don (Macrochlamys 
patrisu (D.C.) Dene.). 

Heterotypic synonym: Erythranthus (Oerst.) Hanst., Linnaea 34: 
362. 1865 (Erythranthus Oerst., Centralamer. Gesn. 46. 1858, as 
genus). Type species: A. coriaceus (Oerst.) Hanst. 

Leafblades oblong-élliptic, acuminate, entire or obscurely denti- 
culate near the apex, on both sides either sparsely strigillose, or 
sparsely pubescent, or glabrous. Inflorescence axillary, l- to several- 
flowered, usually with large, mostly purple or dark red bracts. Sepals 
coloured like the bracts, mostly large. Corolla mostly yellow, some- 
times creamy or red, usually nearly cylindric; limb subactinomorphic. 
Anthers oblong, usually sagittate at the base. Capsule often yellow, 
bivalved, with a thickened ring along the line of dehiscence. 


Two new species are described below. The way in which they 
differ from their nearest allies, may be seen from the following key. 


1. Peduncle about as long as the leaves or longer. PERU . . 
. A. pendulus Poepp. et Endl. 


Peduncle shorter than the leavés .....-.-++.26- a 
9. Corolla red, 1.6—2.8 cm long; anthers 3 mm long. PANAMA, 
Cosra Rica. .... . . A. coriaceus (Oerst.) Hanst. 

Corolla yellow or creamy, usually 3 cm long or more; anthers , 


5-8 mm long . 
1) Present address: Laboratorium voor Plantensystematick en -geographie, 
Wageningen, Netherlands. 
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3. Inflorescence with large bracts covering the calyx; sepals 
often marrowed, never widened at the joase.y - 2) eres 
Inflorescence without or with small bracts; sepals widened 
and subcordate at the bases sya. ss.6 tee mre 
4. Corolla about 4 times as long as the calyx, puberulous outside, 
about 4 cm long; sepals very small, about 1 x 0.3 mm, 
oblong-elliptic. PERu, CoLtomsia (?) . . A. affinis Mansf. 
Corolla 1-2 times as long as the calyx, puberulous or villose 
outside, 2.5-6 cm long; sepals obovate if less than 1.5cmlong 5 

5. Outer bracts orbicular; sepals obovate, obtuse or rounded at 
the ‘apexohss 6. iO fa Payee ee ee ee 

Outer bracts ovate or oblong-ovate; sepals oblong or oblong- 

ovate, acute or obtuse at the apex. BoLivia-. te 

Sic tet 6 de, a Oe eA doratostylusiesp-anove 

6. Bracts and sepals puberulous; corolla villose-hirsute outside; 

limb small, red. Peru . . . . A. erythroloma, sp. nov. 

Bracts and sepals sparsely appressed-pubescent; corolla 

puberulous to villose outside, brown-purple- or reddish- 

brown-spotted in the throat or on the limb or not; limb 

conspicuous. CoLomBiA, southern VENEZUELA, GUIANA, 

northern BRaziL. A. coccineus (Aubl.) Mart. ex. G. Don 

7. Disk gland one, entire, 2- or 3-lobed. Ecuapor, Peru, BRaAziL 

oe Sad 2 aos ¢ ws 2s Asemicordatas Poepp, et Endl 

Disky glands three’ ECUADOR] (5 >) ean ney ee 

. Crantzia pseudocordata Cuatrec. 


~I 


As the structure of the disk is the only character by which the 
two last-named species differ, and as their specific distinctness there- 
fore is open to doubt, for Crantzia pseudocordata no new combi- 
nation is proposed. Its type could not be sent on loan, and on a 
photograph of the latter the flowers were not visible. 

Many species of this section are still undescribed. 


A. doratostylus Lwbg., sp. nov. Fig. Ad, p. 46 
Misapplied name: A. patristi Rusby, Mem. Torr. Bot. Cl. 6: 
97. 1896, not DC. (applies to the type collection). 


Planta habitu A. coccinet. Folia cuiusque jugi aequalia vel sub- 
aequalia petiolata laminis oblique oblongo-ellipticis. Inflorescentia 
axillaris racemosa bracteis magnis coloratis sepala superantibus 
instructa. Sepala oblonga vel oblongo-ovata. 

Corolla extus flava basi calcarata limbo patente. Stamina quattuor 
didynama inclusa filamentis apice contortis. Antherae oblongae basi 
sagittatae. Ovarium superum ovoideum. Stylus inclusus crassus apice 
incrassatus deciduus. Stigma bilobum. Disci glandula singula dorsalis 
magna emarginata glabra. Placentae facie interiore solum ovuliferac. 
Capsula subglobosa bivalvis. Semina fusiformia. 

Type: Bortvia: Cochabamba, Espiritu Santo, vic. of Cochabamba, 
Bang 1259 (W, holotype, photograph in U; isotypes: BM, F.G: 
Zesiieets, i.) Mo MO PH ts 
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Epiphytic or terrestrial shrub, subshrub, or vine, about 2-3 m_ high. Stems 
sarmentose, branched or not, sometimes with spreading adventitious roots, 
puberulous at the apex, glabrous and shining. Leaves: petiole sparingly appressed- 
pubescent, 0.5-4 cm long; blade dark green above, beneath paler green, with 
purple or dark red veins (?) and often partially purple, 134-3144 (mostly 2-3) 
times as long as wide, 4-21 x 2-9 cm (mostly about 8-15 x 3-6 cm), fleshy, 
papyraceous or subcoriaceous when dry, acuminate at the apex, cuneate to 
almost decurrent at the base, entire or sometimes obscurely denticulate near the 
apex, sparsely appressed-pubescent to glabrous on both sides; primary veins 
4-9 pairs, arcuate towards the margin. Inflorescence several-flowered. Peduncle 
very short, sparsely appressed-pubescent, 3-7 mm long. Bracts dark red or purple, 
leafy, veined, ovate or oblong-ovate, 1 %4—2 times as long as wide, 19-40 x 9-25 mm, 
acute or obtuse at the apex, rounded at the base, entire or sinuate, sparsely 
appressed-pubescent on both sides, the outer ones larger than the others, similarly 
shaped. Pedicels sparsely appressed-pubescent, 3-12 mm long. Sepals dark red 
or purple, free, veined, 2-3 x as long as wide, acute or obtuse at the apex, 
approximately rounded at the base, sinuate or obscurely serrulate, sparsely 
appressed-pubescent on both sides, four subequal, 19-29 x 7-14 mm, the fifth 
(dorsal) about half as long as the others or somewhat more, 13-15 x 5 mm. 
Corolla inside partially crimson in the throat and on the limb, especially dorsally, 
tubular, horizontal in the calyx, 1%~-2 times as long as the calyx, 35-51 mm 
long, at the base 4-5 mm, at the throat 6-10 mm wide, contracted above the spur 
and in the throat, dorsally ventricose and there 8-11 mm wide, slightly bent 
upwards, puberulous outside, especially above, inside minutely puberulous near 
the insertion of the stamens; spur subglobose, 5-6 mm in diam.; tube 25-40 mm 
long; limb 8-13 mm wide; lobes subequal, rounded, obscurely crenate-serrate, 
2.5-4 mm in diam. Filaments glabrous, widened at the base, all connate at the 
base, inserted on the base of the corolla; anthers violet on one side and white 
at the other (teste Steinbach), mostly connivent, free, 5-6 x 2 mm; cells discrete, 
dehiscent by a longitudinal split, which starts at the base. Staminode one, small, 
filiform, glabrous, inserted at the very base of the corolla, curved through the 
spur, 2. mm long, without anther. Ovary appressed-pubescent, 6 X 4.5 mm; 
style red, sparsely pubescent, 2-3 cm long. Stigma conspicuously paler than the 
style, yellow (?), pubescent with glandular hairs on both sides. Disk gland 1.5 mm 
high. Capsule yellow (teste Steinbach 5555), sparsely appressed-pubescent, 15-17 x 
1214 mm, with a thickened ring along the line of dehiscence, obtuse at the apex; 
valves coriaceous. Seeds reddish (?), shining, about 4(3-6) times as long as wide, 
1-1.2 « 0.2-0.3 mm, longitudinally striate. 

Ecology: In rain forests; alt. 400-1400 m. 

Distribution: Bolivia. 

Paratypes: ‘ 
Bottvia: LA Paz: Mapiri Region, San Carlos, along road to San José, Buchtien 
1349 (US); Charopampa, Mapiri, Buchtien 1973 (US). 
Bent: vic. of Rurrenabaque, Cardenas 1669 (K); ibid., Reyes Region, Beni R., 


Fleischmann 270 (S). 
CocHABAMBA: prov. Chapare, along road to Todos Santos, near Chimore, 
Eyerdam 24832 (UC, G); vic. of Espiritu Santo, vic. of Cochabamba, Buchtien 


3107 (NY); R. Juntas, herb. Kuntze s.n. (US). | 

SanTA Cruz: prov. Sara, Bosque del Fraile, Steinbach 7494 (BM, G, K, S, U); 
prov. Sara, Bosques del R. Surutu, Buena Vista, Steinbach 59555 (A, F); Plaja- 
Ancha, Upper R. Ichilo-Vallegrande, Cardenas 4045 (F, US). 

Sine loco: Bang 2540 (NY, US). 

Etymology: 6dev, déeatoc, lance referring to the lance-shaped 


style. 


A. erythroloma Lwhg., sp. nov. Fig. Ae, p. 46 
Misapplied name: A. corcinatus Poepp. et Endl., Nov. Gen. 3: 
5, 1845, not Mart.; see also Hanstein, Linnaea 34: 365. 1865, who 
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cites Spruce 4608, and who had also seen the specimen of Poeppig, 
no. 2230. 

Planta habitu A. coccinet. Folia cuiusque jugi subaequalia vel 
inaequalia petiolata laminis ellipticis vel oblongo-ellipticis. Inflores- 
centia axillaris racemosa bracteis magnis coloratis instructa. Sepala 
oblongo-obovata. Corolla flava limbo coccineo patente. Stamina 
quattuor didynama inclusa filamentis apice contortis. Antherae 
oblongae basi sagittatae. Ovarium superum ovoideum. Stylus inclusus 
apice incrassatus. Stigma bilobum. Disci glandula singula dorsalis 
magna integra glabra. Placentae facie interiore solum ovuliferae. 
Capsula subglobosa bivalvis. Semina fusiformia. 

Type: Peru: Loreto, Balsapuerto, Klug 2965-(G, holotype; 
photograph in Ui; isotypes; BM. i) GH KS) 85): 


Fig. Ad.  Alloplectus doratostylus: 1. flower (Steinbach 5555): 2. bract (B 2540) ; 

Fig. Ae. A. erythroloma: 1. flower; 2 and 3. bracts qin Klug 3065) Fig, oy 

Drymonia oxysepala: 1. corolla (Klug 4281); 2. calyx with fruit (Ule 6574) 
3. leaf (Klug 2965). 
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Terrestrial or epiphytic shrub, or vine, 0.60-1.50 m high or more (?). Stems 
sarmentose, branched or not, sometimes with spreading adventitious roots, 
puberulous at the apex, sparsely and often minutely pubescent and shining. 
Leaves: petiole sparsely appressed-pubescent to glabrous, 7-85 mm long; blade 
dark green above, beneath paler green with purple or dark red veins or entirely 
dark red or purple (?), 2-3 times as long as wide, variable in size, 8-30 x 3.5—-13 cm, 
coriaceous also when dry, acuminate at the apex, rounded or cuneate to almost 
decurrent at the base, entire, sparsely appressed-pubescent to glabrous on both 
sides; primary veins 5-9 pairs, curved along the margin. Inflorescence several- 
flowered. Peduncle very short, puberulous, 3-7 mm long. Bracts dark red or 
purple, leafy, veined, rounded, ovate, or oblong-ovate, 1-2 x as long as wide, 
90-28 « 11-26 mm, acute. obtuse, or acuminate at the apex, cuneate, rounded, 
or subcordate at the base, entire or obscurely serrulate, puberulous on both sides, 
outer ones rounded or nearly so, mostly larger than the others. Pedicels puberulous, 
5-7 mm long. Sepals dark red or purple, free, veined, about 2 times as long as 
wide, 12-19 x 6-10 mm, obtuse or rounded at the apex, cuneate at the base, 
obscurely crenate-serrate, puberulous on both sides. Corolla tubular, about 2 times 
as long as the calyx, 25-35 mm long, at the base 3-4 mm, at the throat 4-6 mm 
wide, spurred at the base, contracted above the spur and in the throat, slightly 
ventricose in the middle and there 7-10 mm wide, slightly bent upwards, densely 
villose-hirsute outside, inside, especially near the insertion of the stamens, minutely 
puberulous with glandular hairs; spur obtuse; tube 17-25 mm long; limb small, 
6-9 mm wide; lobes subequal, rounded, obscurely crenate-serrate, 3-4 mm in 
diam. Filaments glabrous, widened and connate at the base, inserted at the base 
of the corolla; anthers connivent, free, 5 ~ 1.5 mm; cells discrete, dehiscent by a 
longitudinal split which starts at the base. Staminode one, small, filiform, glabrous, 
inserted at the very base of the corolla, curved through the spur, 2.5 mm long, 
without anther. Ovary softly hirsute, 5-6 x 3.5 mm; style red, sparsely pubescent, 
about 2 cm long; stigma conspicuously paler than the style, yellow (?), pubescent 
with glandular hairs on both sides. Disk gland 1.5-2.5 mm high. Capsule sparsely 
pubescent, 12-15 x 11-13 mm. Seeds dark (?) brown, shining, about 3 times 
as long as wide, 1.2-1.5 x 0.3-0.5 mm, longitudinally or slightly obliquely striate. 


Ecology: In rain forests, at low elevations. 
Distribution: Peru. 


Paratypes: ; 
Peru: Loreto: Puerto Arturo, Lower R. Huallaga, below Yurimaguas, alt. about 
135 m, Killip & Smith 27740 (US); Yurimaguas, Lower R. Huallaga, alt. about 
135 m, Killip & Smith 28068 (US); ibid., Ule 6278 (G, HBG, L); Maynas, near 
Yurimaguas, Poeppig 2230 (W). 

San Martin: near Tarapoto, Spruce 4608 (BM, BR, CGE, K, 3 sheets). 


Etymology: éoviedc, red; A@ya, limb; the corolla limb is dark red. 


A. semicordatus Poepp. et Endl., Nov. Gen. 3: 5. 1845; Hanstein, 
Linnaea 34: 364. 1865. 

Type: Peru: Loreto, Cochero, Poeppig 1038 (W, holotype, 
photographs in F, U, and US; isotypes: LE, W). 

Homotypic synonym: Crantzia semicordata (Poepp. et Endl.) Fritsch 
in Engl. Prantl, Nat. Pflanzenf. 4 (3b): 168. 1894 AD Ee ag ies en 
Engl., Bot. Jahrb. 37: 486. 1906. 

Heterotypic synonym: Alloplectus syluarum S. Moore, Trans. Linn. 
Soc. Ser. 2. 4: 411. 1895. Type: Brazit: Matto Grosso, between 
Santa Cruz (Barra do Bugres) and Tapirapuan, S. Moore 390 (BM). 


As this species has been interpreted in different ways, a new and 
more detailed description seems to be desirable. 
Flowers axillary, solitary or in few-flowered short-pedunculate 
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inflorescences without or with some sepal-like bracts which are 
often very small. Sepals dark red or purple, large, leafy, veined, 
ovate, 1144-2 times as long as wide, acuminate at the apex, sub- 
cordate at the base, sinuate or obscurely and remotely serrulate, 
sparingly appressed-pubescent on both sides, four subequal, 20-38 
12-24 mm, the fifth (dorsal) one-third to two-thirds of the length 
of the others. Corolla (resembling that of A. coccineus) yellow, inside 
sometimes suffused with red, puberulous outside; limb spreading. 


‘Terrestrial or epiphytic shrub, subshrub, or vine, 0).60—3 m high. Stems sarmentose, 
branched or not, sometimes with spreading adventitious roots, puberulous at the 
apex, practically glabrous and shining. Leaves of a pair unequal, petiolate, the 
larger one mostly 2—2% times as long as the other; petiole sparsely appressed- 
pubescent to glabrous, 3-55 mm long; blade dark green above, beneath paler 
green with purple or dark red veins (?) or reddish, oblong-elliptic, 2-4 (mostly 
about 3) times as long as wide, 3-25 x 1.5-10 cm, papyraceous when dry, 
acuminate at the apex, rounded or cuneate to almost decurrent at the base, entire, 
sparingly strigillose to glabrous on both sides; primary veins 49 pairs, arcuate 
towards the margin. Inflorescence: peduncle very short or obsolete, 2-5 mm long, 
appressed-pubescent. Pedicels appressed-pubescent, 4-17 mm long. Corolla tubular, 
1-184 x as long as the calyx, 35-60 mm long, at the base 4-8 mm, at the throat 
6-12 mm wide, spurred at the base, contracted above the spur and in the throat, 
ventricose in the middle and there 10-13 mm wide, inside near the insertion of 
the stamens and dorsally in the throat minutely pubescent; spur subglobose; tube 
25-40 mm long; limb 12-24 mm wide; lobes subequal, rounded, obscurely crenate- 
serrate, 5-15 mm in diam. Stamens 4, didynamous, included; filaments glabrous, 
widened at the base, contorted at the apex, all connate at the base, inserted at 
the base of the corolla; anthers connivent, free, oblong, 6-7 x 2 mm, sagittate at 
the base; cells discrete, dehiscent by a longitudinal split starting at the base. 
Staminode one, very small, glabrous, 0.6 mm long, acuminate. Ovary appressed- 
pubescent (not glabrous!), ovoid, 5-6 x 3-3.5 mm; style red, included, thick, 
sparsely pubescent, thickened at the apex, deciduous; stigma conspicuously paler 
coloured than the style, yellow*¢?); bilobed, pubescent with glandular hairs on 
both sides. Disk gland one, dorsal, large, either entire, 2-, or 3-lobed, glabrous. 
Placentae ovuliferous on the inner surface only. Capsule yellow, white, or brown- 
purple (teste Poppig), subglobose, sparsely appressed-pubescent, 16-19 x 13-15 mm, 
bivalved, with a thickened ring along the line of dehiscence, obtuse at the apex; 
valves coriaceous. Seeds dark brown, shining, fusiform, about 4 times as long as 
wide, 1.2 x 0.3 mm, longitudinally or slightly obliquely striate. 


Ecology: Erect, creeping, climbing, or scrambling over shrubs, 
in rain forests; alt. 100-1540 m. 


Distribution: Ecuador, Peru, and the adjacent part of Brazil. 


Ecuapor: prov. Napo-Pastaza, Canton Napo, Zatzayacu, Mexia 7065 (UGC, US) 
Gualaquiza, Pearce 238 (K). 
Peru: Loreto: Gamitana Cocha, R. Mazan, Schunke 202 (F, GH, NY, We}: 
Iquitos, Ll. Williams 8194 (US); Mishuyacu, near Iquitos, Klug 120 (US); 
San Antonio, on R. Itaya, Killip & Smith 29491 (US); between Yurimaguas and 
Balsapuerto, Killip & Smith 28086 (US), 28138 (US); Santa Rosa, lower R. 
Huallaga, below Yurimaguas, Killip & Smith 28770 (US), 28808 (US), basin 
of R. Ucayali, Tessmann 3197 (G); Pucallpa, R. Neshuiya, Sandeman 3470 (K); 
ibid., Velarde Nufiez 2467 (US), 2487 (US); Boqueron Padre Abad, Woytkowski 
34361 (G, MO); Cochero, near Pampayaco, Poeppig 1038 (W, holotype, photo- 
graphs in F, U. and US; isotypes: LE, W); R. Pangoa, Matthews 1207 (K). 

San Martin: Zepelacio, near Moyobamba, Klug 3558 (G, US); east of Tingo 
Maria, Allard 20413 (US). , 

HuAnuco: Ganso Azul, R. Pachitea, Sandeman 3410 (K); vic. of Tingo Maria, 
Naranjillo, Ferreyra 2204 (US); Isla Tingo Maria, Ferreyra 1930 (US); Cerro 
Azul, km 176 Hudnuco to Pucallpa, Seibert 2263 (US); distr. Churubamba, 
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Hacienda Mercedes, prov. Huanuco, Mexia 8182 (UC, F, GH), 8222 (UC 
FaMO* U, US); : pete an 

Junin: Pichis Trail, San Nicolas, Killip & Smith 25985 (US), 26007 (US); 
Cahuapanas, on R. Pichis, Killip & Smith 26728 (US); Puerto Yessup, Killip 
& Smith 26257 (US); Puerto Bermudez, Killip & Smith 26422 (US). 

Mapre DE bios: R. Acre, Seringal Auristella, Ule 9773 (G, K, L). 

Dept? : Casapi (?), Matthews 1999 (K); St. Gavan (?), Lechler 2471 (K). 

Sine loco: Dombey s.n. (P, U); Ruiz & Pavon 18/51 (“‘Besleria calydermos”) (MA). 
BrAziL: AMAZONAS: near mouth of R. Embira, trib. of R. Tarauca, Krukoff 
5893 (G). 

AcRE: Jurua-Mirim, R. Jurua, Ule 5694 (G, HBG, K, L). 

Marro Grosso: between Santa Cruz (Barra do Bugres) and ‘Tapirapuan, 
S. Moore 390 (BM, type of A. sylvarum). 
CuiLE: sine loco, herb. Richard s.n. (P) (very doubtfully from that country) 


Besleria 


B. delphinioides (Seem.) Lwbg., comb. nov. 

Basionym: Drymonia delphinioides Seem., Voy H. M. S. Herald 
186. 1854. 

Type: Cotompia: Chocd, Cabo Corrientes, Seemann 1054 (K, 
holotype). 

This species belongs to Besleria, section Neobesleria, subsection 
Herbaceae, and is very closely related to B. subcoriacea Morton (Contrib. 
U.S. Nat. Herb. 29: 28. 1944). It is placed in Besleria by virtue of 
its anthers, which are reniform and all four coherent. It is perhaps 
not specifically different from B. subcoriacea, from which it differs 
only by the obtuse instead of rounded apex of the sepals and by 
the longer pedicel. In all other characters it agrees with Morron’s 
description. It was collected not so far from the type locality of 
B. subcoriacea. The latter is Bahia Solano, which lies about 180 miles 
north of Cabo Corriéntes. 


Columnea 


C. dimidiata (Benth.) Lwbg., comb. nov. 

Basionym: Alloplectus (?) dimidiatus Benth., Pl. Hartweg. 235. 1846. 

Type: Coromsta: Cauca, Cordillera Occidental, vic. of Popayan, 
Hartweg 1266 (K, holotype, isotypes: CGE, 2 sheets, G. K, photo- 
graphs of CGE sheets in U and WAG). 

This species belongs to Columnea section Collandra, and is related 
to C. guianensis. It is placed there because of the following characters: 
Leaves of a pair strongly unequal, the larger one 4-6 times as long 
as the other, lanceolate, deep green above, red or partially red 
beneath, the smaller one stipulelike, ovate-lanceolate. Flowers 
axillary. Bracts large, leafy, acuminate. Corolla nearly cylindric, 
45 cm long, contracted at the throat; tube red; limb yellow, erect; 
lobes small, subequal, rounded. 


Additional specimens examined: 
Cotompta: Caupas: R. San Rafael, below Cerro Tatama, Pennell 10411 (PH). 

ToLiMA: Quindio, Dawe 799 (K), ibid. (?), Dawe 825 (K); ibid., Novilleros, 
André 2354 (K); Ibaque, Goudot 5 (P). 
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VALLE DEL CAUCA: Palmira, Cord. Centr., Killip 6152 (GH); San Antonio, 
Cord. Occ., Dryander 2299 (BM); La Cumbre, Cord. Occ., Killip pytets) (lelesl)) 3 
ibid., Pennell 5155 (GH, K, PH). ; 

Cauca: near Cali, Lehmann 5850 (K), Sept. 1895 (K). 


C. lanata (Seem.) Lwbg., comb. nov. 


Basionym: Alloplectus lanatus Seem., Voy. H. M. S. Herald 186. 1854. 
Type: Corompia: Chocé, Cabo Corrientes, Seemann 1056 (K, 
holotype, photographs: U, WAG; isotypes: BM, GH, GOET). 


This species too belongs to Columnea, section Collandra, and is allied 
to G. guianensis by the following characters: Leaves of a pair strongly 
unequal, the larger one about 12-15 times as long as the other, 
oblique, lanceolate, green above, with a red area beneath, the smaller 
one stipule-like, ovate-lanceolate. Flowers axillary. Bracts large, leafy, 
obtuse. Corolla cylindric, contracted in the throat, lanate-tomentose 
outside; limb erect; lobes small, subequal. 


Drymonia 


D. latisepala (Rusby) Lwbg., comb. nov. 

Basionym: Columnea latisepala Rusby, Mem. Torr. Bot. Cl. 4: 
ween lps\shy 

Type: Botrvia: Songo, Bang 869 (NY, holotype, not seen; 
isotypes: F, W!). 

This species is related to D. calcarata Mart., the type species of 
the genus. It belongs:to the section Drymonia and has its place there 
by virtue of the following ‘¢haracters: Sepals broadly ovate, large, 
hirsute on both sides. Corolla amply tubular, horizontal in the 
calyx, about 1.5 x as long as the calyx, hirsute outside; limb large, 
spreading; lobes rounded, the ventral one larger than the others, 
erose-fimbriate, the others serrate. Anthers oblong, sagittate at the 
base, similar to those of D. calcarata. 

By the shape of the corolla lobes it resembles D. serrulata, from 
which it differs strikingly by its indumentum. 


D. oxysepala Lwbg., sp. nov. Fig. D, p. 46 


Planta terrestris vel epiphytica repens vel scandens. Folia petiolata 
laminis oblongo-ellipticis. Flores axillares. Sepala foliacea oblongo- 
ovata vel ovato-lanceolata apice longe acuminata basi rotundata. 
Corolla ample tubularis basi calcarata fauce non contracta extus 
puberula limbo patente. Stamina quattuor didynama inclusa fila- 
mentis glabris contortis basi omnibus inter se connatis et basi corollae 
insertis. Antherae conniventes liberae oblongae basi sagittatae. 
Ovarium superum. Stylus inclusus crassus brevis. Disci glandula 
dorsalis singula magna glabra integra. Placentae duae bilamellatae 
facie interiore solum ovuliferae. Capsula subglobosa bivalvis. Semina 
ellipsoidea, 
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Type: Peru: San Martin, Juan Jui, Alto R. Huallaga, Klug 
4281 (U, holotype, isotypes: A, UC). 


Herb, or vine, 0.30 m high or more (?). Stems sarmentose, branched or not, 
with spreading adventitious roots, puberulous and shining, glabrescent. Leaves of 
a pair equal or subequal; petiole puberulous, 2-10 mm long; blade dark green 
above, paler beneath, 1.5—3 (mostly 2—2.5) x as long as wide, 18-85 x 8-46 mm 
(mostly about 30-60 « 15-30 mm), papyraceous when dry, acute or acuminate 
at the apex, cuneate or rounded at the base, serrulate, puberulous on both sides; 
primary veins 4~7 pairs, arcuate towards the margin. Flowers solitary or 2-3 
together. Peduncle obsolete or very short, often with some small bracts. Bracts 
linear, about 10 times as long as wide, 6-9 « 0.5—-1 mm, long-acuminate, entire, 
puberulous on both sides. Pedicels puberulous, 6 mm long. Sepals brownish-green 
(teste Woytkowski 35223), connate at the base up to one-half of their length, 
3—5 times as long as wide, 25-33 x 5-11 mm, remotely serrate, puberulous on 
both sides; four erect, oblique; the fifth (dorsal) curved around the spur. Corolla 
white outside, inside dark red- or purple-spotted in the throat and yellow down- 
wards, fleshy, horizontal in the calyx, about 1.5—2 times as long as the calyx, 
40-58 mm long, at the base 7-10 mm, at the throat 15-22 mm wide, contracted 
above the spur, dorsally ventricose and there 15-17 mm wide, inside partially 
pubescent with glandular hairs; tube 26-37 mm long; spur subglobose, 7-8 mm 
in diam.; limb slightly bilabiate; lobes unequal; the ventral one larger than the 
others, broadly rounded, about 1.5 x as wide as long, 7-11 x 11-16 mm; the 
four others equal, nearly rounded, 5 x 7 mm; the two lateral ones subentire or 
serrulate, and the two dorsal ones serrate. Filaments widened at the base. Anthers 
6 x 2 mm; cells dehiscent by a longitudinal split starting at the base. Staminode 
none. Ovary appressed-pubescent, ovoid or subglobose, 6 x 4-5 mm; style 
puberulous; stigma bilobed (?). Capsule puberulous, 15-16 * 12-13 mm, with 
a thickened ring along the line of dehiscence, obtuse at the apex; valves thick, 
coriaceous. Seeds (immature?), medium brown, shining, about 3 times as long 
as wide, 0.8 « 0.25—0.3 mm, longitudinally or obliquely striate. 

Description of fruit and seeds based on Ule 6574. 


Ecology: In rain forests; alt. about 250-900 m. 


Peru: SAN Martin: prov. San Martin, near Tarapoto, Spruce 4240 (BR, K: 
2 sheets, W); ibid., 4 miles east of Tarapoto, Woytkowski 35223 (UG, F); Juan 
Jui, Alto R. Huallaga, Klug 4281 (U, holotype, isotypes: A, Weis 

Lortto: Boquerén Padre Abad, Woytkowski 34373 (UC, F); San Antonio de 
Compasso, Ule 6574 (HBG). 


Episcia 
E. ciliosa (Mart.) Hanst., Leeuwenberg, Acta Bot. Neerl. 7: 401. 
1958. 

Description of mature fruits (not previously available) : 

Capsule globose, bivalved, 4 mm in diam. Seeds dark brown, 
shining, ellipsoid, about 4 times as long as wide, 0.8-1 x 0.2-0.25 mm, 
longitudinally striate, obtuse at the apex, mucronate at the base, 
with long white diaphanous funiculi and with a small arillus 
(Maguire & Fanshawe 32368 (US).). 


E. porphyrotricha Lwbg., Acta Bot. Neer 7: 3115541121950; 


This species has been based on two specimens from the mountains 
of British Guiana. The leaves of these specimens were not bullate, 
otherwise they could not have been pasted entirely to the sheets. 
Now it is also known from three localities injthe Venezuelan part 
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of the Guayana Highlands. The following characters taken from 
these specimens may serve to complete the description: | 

Leaves of a pair subequal, usually with shorter petioles than 
those of the type specimen, most of them crowded at the apex of 
the stem; petiole 5-40 (mostly about 10-20) mm long; blade above 
sometimes with a pale green area along the midrib (teste Steyermark & 
Wurdack 105), sometimes bullate. Pedicels up to 35 mm_ long. 
Corolla vermilion, crimson, or scarlet, trumpet-shaped or infundibuli- 
form, 35-54 mm long, at the throat up to 9 mm wide, scarcely or 
not contracted in the throat; tube 28-42 mm long. Capsule globose, 
6-9 mm in diam. Seeds dark brown, shining, ellipsoid, about 
1144-2 x as long as wide, 0.5-0.8 x 0.3-0.4 mm, obliquely striate, 
with long white diaphanous funiculi and with a small arillus. 


VENEZUELA: BoLivAR: Chimanta Massif, vic. of Techiné-Meru, along R. Aparurén, 
alt. 470 m, Steyermark 76045 (US); ibid., along R. Tirica, alt. 470 m, Steyermark 
& Wurdack 105 (US), 106 (US). 


Episcia dariensis (Seem.) Lwbg., comb. nov. 


Basionym: Alloplectus dariensis Seem., Voy. H. M. S.° Herald 
187. 1854; Hanstein, Linnaea 34: 424. 1865; Leeuwenberg, Acta 
Bote wNeetlnvs 1241990: 


Type: Cotompia: Chocd, Cabo Corrientes, Seemann 1058 (K, 
holotype, photographs in U and US; isotype: BM). 

As mentioned in my previous paper, this species, like the two 
following ones, belongs to the section Paradrymoma of Episcia. The 
grounds for their transference are: 

Stems very short, with spreading adventitious roots. Leaves 
apparently spreading (those of a pair strongly unequal and _ the 
smaller one soon deciduous (?) as in most species of this section) ; 
petiole about 4-11 cm long; blade lanceolate, about 3-5 times as 
long as the petiole, 444-7 x as long as wide, 19-32 x 3-6 cm, 
acuminate at the apex, long-decurrent into the petiole, practically 
glabrous. Sepals dark red or purple, linear, fimbriate, about 2 cm 
long, glabrous or nearly so. Corolla yellow, infundibuliform, about 
3—4.5 cm long, spurred at the base, sparsely and minutely pubescent 
outside; lobes entire or subentire (?). Anthers glabrous, coherent in 
pairs; cells parallel, discrete, dehiscent throughout by a longitudinal 
split. 

Besides the type collection only known from the following localitics: 


CoLomBiA: CHocdé: La Concepcién, 15 km east of Quibdé, alt. about 75 m, 
Archer 1968 (US). 


E. conferta (Morton) Lwbg., comb. nov. 


Basionym: Centrosolenia conferta Morton, Journ. Wash. Acad. Sci. 
OD eel ON OG. 


Type: Cotompia: Antioquia, north of Dabeiba, along road to 
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Turbo, alt. 300-350 m, Metcalf & Cuatrecasas 30200 (UC, holotype, 
photographs in U and US; isotype: US). 
Only known from the type collection. 


E. decurrens (Morton) Lwbg., comb. nov. 


Basionym: Centrosolenia decurrens Morton, Field Mus. Publ. Bot. 
Lee 15es 1938: 

Type: Costa Rica: Finca Montecristo, on the R. Reventazon 
below Cairo, prov. Limon, Standley & Valerio 48589 (US, holotype, 
photograph in U). 

Leaves sparsely hirsute to glabrous above, hirsute beneath, especially 
along the midrib and veins, the younger ones entirely red-tomentose- 
hirsute. Capsule globose, 5—6 mm in diam., red-hirsutulous, bivalved. 
Seeds dark brown, shining, ellipsoid, about 4 times as long as wide, 
1-1.2 x 0.25-0.3 mm, longitudinally striate with long brownish(?) 
funiculi and with a small arillus. 

Ecology: on trees in rain forests; alt. 0-500 m. 


A collection from Panama is now available: 
PANAMA: vic. of Chiriqui Lagoon, prov. Bocas del Toro, von Wedel 2279 (US). 


E. lineata (Morton) Lwbg., comb. nov. 

Basionym: Centrosolenia lineata Morton, Ann. Mo. Bot. Gard. 
29 ea4 ie 1942. 

Type: Panama: north of El Valle de Anton, Trail to la Mesa, 
alt. about 1000 m, Allen 2717 (US, holotype, photograph in U; 
isotype: MO). 

The specimens enumerated below may belong to this species, but 
they differ from the type specimen by the following characters: 

Sepals pilose instead of sparsely strigillose. Corolla purple-spotted 
on the limb (teste A. Smith) or pink-spotted (teste Brenes 4076) or 
with pink (teste Brenes 4412) instead of reddish-brown stripes. 
Cosra Rica: San Ramon, Brenes 3687 (F), 3949 (F), 4039 (F), 4076 (F), 4412 (F), 
6117 (F); Quebrada Azul, San Carlos, prov. Alajuela, Brenes 23055 (NY); 
La Pefia de Zarcero, Canton Aljaro Ruiz, prov. Alajuela, A. Smith H 1064 
(F, US), H 1066 (F, US), NY 1066 (F, NY); San Luis de Zarcero, Canton Aljaro 
Ruiz, prov. Alajuela, A. Smith NY 1309 (F, NY); Quebrada Serena, southeast 
of Tilaran, prov. Guanacaste, Standley & Valerio 46284 (US, p.p.). 
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TWO NEW SPECIES FROM AFRICA 


G Jn Ee AMSHORE 
(Lab. voor Plantensystematiek, Wageningen) 


(received November 27th, 1958) 


Syzygium Germainii Amshoff n.sp. 

Arbor parva circ. 15 m alta ramulis robustis acute quadrangularibus 
omnino glabra. Folia petiolata, oblonga, basi truncata, late rotundata 
vel subcordata, apice acuta, 8-19 cm longa, 2-8 cm lata, coriacea, 
costa supra impressa, subtus crassa prominente, nervis lateralibus 
numerosis, utrinque prominulis. Petiolus canaliculatus, margine 
alatus, 4-114 cm longus. Inflorescentia terminalis, cymoso-paniculata, 
ramulis quadrangularibus articulatis robustis. Alabastra circ. 5 mm 
in diametro. Sepala late rotundata, 2 mm longa. Petala coalita, 
operculum cir¢é. 5 mm in diametro formantia. Stamina 17 mm 
longa. Bacca ignota. 

Belgian Congo, Boenda, Tshuapa, Germain 8347 fl. 16.5.1954, 
type (BR, duplicate in WAG.). 

By its large leaves and relatively large flowers this species is, among 
the species of the Belgian Congo, most similar to S. Giorgai De Wildem. 
and §. Giulletii De Wildem.; it differs, however, from both species 
by its distinctly petiolate leaves and less dense inflorescence. Another 
species which may be compared is S. Rowlandii Sprague, with the 
leaves cuneate or acutish at the base. 


Syzygium parvulum Mildbread ined. ex Amshoff. 

Frutex glaber 4—6 m altus. Ramuli graciles, quadrangulares. Folia 
parva, petiolata, elliptica, basi acuta, apice obtusa vel brevissime 
obtuse acuminata, coriacea, glabra, 1144-3 cm longa, 1-1% cm lata, 
costa supra impressa, subtus prominente; nervis lateralibus venisque 
fere obsoletis. Petiolus 4 mm longus, gracilis. Inflorescentia parva, 
terminalis. Flores albi, pro genere minimi; alabastra globosa, circ. 
1 mm in diametro. Filamenta vix 2 mm longa. Bacca ignota. 

Tanganyika Territory: Morogoro district, Uluguru mountains, 
N.W. side, 1900 m, Schlieben 3922 fl. 13-5-1933 (BR, ZU). 

A mountain species very distinct by its small leaves and exceptionally 
small flowers. 


ee 
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JANSSEN, C. R.: Alnus as a disturbing Factor in Pollen Diagrams 


It is commonly accepted that percentages of pollen in a pollen diagram do 
not express the exact composition of forests in earlier times. This inaccuracy is 
due to several factors, for instance the different quantities of pollen produced 
by plants, the distance of transport etc. A pollen diagram tells us only the change 
in pollen rain on the locality where we collected soil samples. In studying a pollen 
diagram we find a close relation between the variations in the percentages of a 
certain species and the area occupied by this species in the vegetation. When 
the percentage of pollen of a species increases, we conclude generally that the 
relative area occupied by this species in the vegetation increases too. However, 
such a connection might be doubted. The variety of factors controlling the 
dispersion of pollen is so great that the interpretation of a pollen diagram often 
meets with great difficulties. The connection between pollen rain and_ the 
composition of the vegetation is a simple one in the cases where we are dealing 
with a region of uniform vegetation. A diagram taken from a region in which the 
vegetation varies from place to place has to be regarded with some caution. 
Unfortunately such a heterogenity of the vegetation exists on the very place, where 
we want to compose a pollen diagram. 

The pollen rain which falls into a bog arises from two sources: a pollen rain 
from the local vegetation of the bog itself and one from the surrounding vegetation. 
When we are dealing with great bogs, the pollen produced by the vegetation of 
the bog itself will be mostly that of herbaceous plants, shrubs, and spores of the 
Bryophyta and the Pteridophyta. It is the rule rather than the exception that the 
bog will be treeless. The tree pollen in such a bog mostly takes its origin from 
the surrounding forests. tis a fortunate circumstance in a diagram that pollen of 
trees is separated from other pollen. However, one exception is seen in the way 
in which Iversen composes a diagram for late glacial times. This method, commonly 
used for late glacial times, embraces a pollen sum not only containing trees but 
also some herbaceous plants. The origin of the latter can, with some certainty, — 
be accepted as from outside the bog. Therefore the local vegetation of the bog 
does not influence the percentages of tree pollen. The pollen sum thus comprises 
pollen of plants which grow under the same biotic conditions. 

However, there exist diagrams the pollen sum of which contains pollen of tree 
species not growing under the same conditions. One of the tree species belonging 
to the bog itself may show pollen variations which are independent of the tree 
species outside the bog. These variations, therefore, are reality only for the species 
growing in the bog and should not be applied to those outside. By adding the 
pollen of this species to the pollen sum we have the disadvantage that the species 
strongly influences the percentages of other tree species. In order to interpret the 
history of the forests it will be necessary to remove such a tree from the tree- 
pollen sum. It will be clear that we must know with some certainty whether a 
tree belongs to the bog itself. 

Indeed there are diagrams which show this phenomenon very clearly. Figure | 
gives a diagram from a bog in the southern part of the province of Limburg. The 
bog is situated at the bottom of the valley of the Geleen river near Nuth. ‘The 
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diagram shows very high percentages of Alnus (average about 80%). It is not 
very difficult to explain these high percentages, because in the present the vegetation 
of the bog is an Alnetum. It is known that Alnus likes wet places and these very 
places are fairly rare in a hilly landscape like Limburg. Alnus does not occur on 


the surrounding slopes. 


Fig. 1. Pollen diagram of Nuth, including Alnus in the tree-pollen sum. 


The tree following Alnus in importance in the diagram is Fagus, a tree which 
grows only on the drier slopes. In the diagram we notice little maxima of Fagus 
on depths of 60, 95, 160 and 210 cm. However on the same depths Alnus shows 
a slight decrease. Therefore it may be said that the maxima of Fagus are artifacts, 
caused by a local decrease of Alnus. The constancy of the Fagus curve is visible in 
figure 2, in which Alnus has been removed from the tree pollen sum. 

On the other hand, an increase in Alnus flattens actually existing maxima of 
trees on the slopes. If we take Alnus in the tree pollen sum it is possible to draw 
a wrong conclusion about the history of the forests. 
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The necessity of removing Alnus does not exist if the Alnus curve is a constant 
one. The curves of the other trees are not influenced in that case. As the absolute 
value of percentages is of no importance, removal of Alnus is necessary even when 
the Alnus curve is a very high one. A disadvantage of removing Alnus is the 
necessity of counting more pollen for each spectrum, especially when Alnus occurs 
in high percentages. If the peat is containing little pollen, the remaining pollen 


Fig. 2. Pollen diagram of Nuth, excluding Alnus from the tree pollen sum. 


sum becomes too small to calculate meaningfull percentages. The same explanation 
given for Alnus holds for Salix. As Salix in the diagram shows no variations it has 
not been removed. 

The method of removing Alnus should not be a general rule. It seems to me 
that it may be done only in regions where it is clear that the trees growing in the 
bog are of a different species from those outside. It is possible that, when applied 
to large bogs the method will give erroneous results, because either such bogs 
are treeless or Alnus grows outside the bog as well. In a recent publication FRiEs 
(1958) removed Alnus and Salix too in consideration of the supposed local 
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overrepresentation of two genera. I do not know whether in Vaster Gotland Alnus 
and Salix are restricted to small areas like in South Limburg. In any case in some 
of his diagrams the curves show the same dependence on the curve of Alnus. 
Anyhow, in a hilly landscape like South Limburg the removal of Alnus is nearly 
a necessity. 

Finally it has to be said that comparison with other diagrams in which Alnus 
has not been removed may become difficult. Concerning the trees taken into the 
tree-pollen sum, the reverse happened in the past with Corylus, however with other 
considerations (FAEGRI and IveRsEN, 1950; JONKER, 1952). Indeed the comparison 
of diagrams with tree-pollen sums containing different tree pollen is difficult. 
When we want to compose a diagram in a different manner from the usual, we 
must give a “normal” diagram as well. 

The herbs and the remaining parts of the diagram will be discussed in a later 
paper. 
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JONKER, F.P.: The genus Rhizophora in Suriname 


The peculiar distribution of the species of Rhizophora (Rhizophoraceae) is well- 
known. Floras and manuals usually mention one western species — R. mangle L. — 
that occurs both in the coastal regions of tropical and subtropical America and 
in the corresponding habitats of west tropical Africa, and an eastern species 
— R. mucronata Lam. — occurring both in tropical Asia and in east tropical Africa. 
It is also well-known that a few other species occur in tropical Asia; a recent 
revision has been given by Hou (1958). G. F. W. Meyer (1818) described from 
British Guiana a second American species, R. racemosa, differing in the inflorescence 
which is forked and 2-flowered in R. mangle and much-branched in R. racemosa. 
EncLeR (1876) regarded this species as a variety of R. mangle; most botanists, 
however, considered it synonymous with the latter. LEEcHMAN (1918) published 
an investigation of the Rhizophoras of Georgetown, British Guiana. He found 
not only the two species of Meyer but also a third species, R. harrisonii Leechm.., 
provided with a much-branched inflorescence as in R. racemosa. ‘The hypocotyls 
(also considered radicles) of both R. mangle and R. harrisonii reach a length of up 
to 30 cm, that of R. racemosa a length of up to 65 cm. The opinion of most botanists, 
however, remained unchanged: namely that the material of the genus Rhizophora 
from both America and West-Africa belongs to one species, R. mangle L. In treating 
the Rhizophoraceae for the Flora of Suriname I shared this opinion (JONKER, 1942). 

In 1953, however, Kray published his revision of the West-African Rhizophoras 
based on field observations. He concluded that the three species recognized by 
Leechman also occurred in West-Africa. SAvory (1953) studied the ecology of 
Rhizophora in Nigeria and found that the most common species is R. racemosa, a 
pioneer at the outer border of the Rhizophora zone. R. harrisonii is dominant in the 
middle region and R. mangle in the interior part of the zone. The latter has the 
highest salt tolerance and occurs in the habitats with the highest salt concentration 
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in the dry season. The other species obtain, especially in the wet season, more 
fresh water. 

These two recent publications gave me a reason to revise again the Suriname 
material and at my request Mr. L. W. M. Bouwman studied the herbarium 
material and arrived at the conclusion that he could recognize the three entities. 
He was uncertain, however, whether they should be accorded specific rank. 

During a short visit to Suriname, from November 1955 to March 1956, I was 
in a position to study the problem in the field. On January 3lst, 1956, I visited 
the mouth of the Suriname River, N. of Paramaribo, in the former plantation 
Purmerend. Rhizophora occurred along the river bank as well as in the Avicennia 
forest. Especially the trees along the bank were fruiting abundantly. The 
inflorescence was usually 2-flowered, occasionally 3- or 4-flowered but then the 
3 or 4 pedicels were inserted together. The material apparently belonged to one 
species. On February 10th I visited the banks of the Commewijne River between 
Marienburg and Kroonenburg. Here the three species occurred together and 
proved to be easily recognizable. The most common one was R. harrisonii Leechm. 
characterized by its large, loose, spreading inflorescences provided with slender 
branches and pedicels, the acute flower buds and the yellowish-green midribs. 
The second in number, R. racemosa G. F. W. Mey., is characterized by the short 
and thick inflorescence branches and pedicels and, consequently, contracted 
inflorescences provided with smaller, obtuse flower buds. The trees gave a darker 
impression chiefly caused by the red midribs and petioles of the younger leaves, 
and the red leaf buds. In older leaves the midribs and petioles are yellowish-green. 
Contrary to Keay’s observations I never saw distinctly red midribs in R. harrisonti. 
The less common was R. mangle L., a species with a forked, 2-flowered inflorescence 
which was found to be rarely 1-, 3- or 4-flowered. On March 4th I investigated 
the upper part of the Commewijne River between Kroonenburg and the Matapica 
River and also the banks of the latter and of the Matapica canal. The situation 
along that part of the Commewijne River is as along the lower part. Along the 
Matapica River R. harrisonu is common. In the dense vegetation of this species 
one observes a few scattered trees of R. mangle, at once recognizable by the many 
fruits with brown hypocotyls, and comparatively few R. racemosa. Along the 
Matapica canal which leads to the ocean, an Avicennia forest occurs with a few 
scattered trees of R. mangle. On February 16th I investigated the lower Nickerie 
River between Wageningen and Nieuw Nickerie. Near Wageningen only a few 
withering Rhizophora trees occur, downstream the number increases and between 
Paradise and Nieuw Nickerie the banks are covered with a dense Rhizophora 
vegetation, consisting of R. racemosa only. This species is characterized not only 
by its red midribs, petioles and flower buds, its contracted inflorescences and its 
obtuse flower buds but also by the often very long hypocotyls. 

On February 2nd I studied the banks of the lower Saramacca River between 
Carl Francois and Calcutta (left bank) — Huwelijkszorg (right bank). The 
richest Rhizophora vegetation was found on the right bank, situated before an 
Avicennia forest with, sometimes, some Laguncularia bush at the river side before 
the Rhizophora. R. racemosa and R, harrisonit were mixed together without a marked 
difference in the habitat. The river between Carl F rancois and the mouth showed, 
below Carl Francois, at first the same situation as upstream but still more down- 
stream Rhizophora disappeared. Near the mouth, however, Rhizophora made its 
appearance again but now only R. mangle occurred. Therefore I presumed that 
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the same situation occurred along the Suriname River from where I knew already 
the R. mangle-vegetation near the mouth. A boat trip on this river, from Joden- 
savanne downstream confirmed this presumption. Rhizophora made its appearance 
near Carolina where the first scattered treelets of R. racemosa were observed. More 
downstream the vegetation becomes denser. From the boat I only observed 
R. racemosa, as along the Nickerie River, but R. harrisonii also occurs as appears 
from a collection from La Liberté by J. and P. A. Florschiitz. N. of Paramaribo 
these two species are replaced by R. mangle. The latter is, consequently, found in 
the more saline regions as in tropical Africa, but these regions are situated in 
Suriname near the coast along the river mouths. R. harrisonii and R. racemosa are 
found in the less saline zone upstream to circ. 60 km from the coast. Along the 
Wayombo River also a Rhizophora vegetation occurs. 

In those areas of a river, where Rhizophora occurs on one bank only, one may 
often observe that in the river bends the Rhizophora vegetation crosses the river 
according to the currents which bring more saline water. 

A short visit to the isle of Curacao showed that there only R. mangle occurs, 
around the bays. From a study of herbarium material it appeared that also in 
the other smaller West-Indian Islands and in Florida only this species occurs. 
The two other species, being less salt-tolerant are found in America somewhat 
downstream along the larger rivers. Added to these ecological preferences are the 
following morphological differences: 

R. mangle: inflorescences forked, 2-flowered, occasionally 1-, 3- or 4-flowered. 
Flowers large; calyx yellow; corolla white. Midrib and petiole yellowish-green. 
Fruiting abundantly. Hypocotyl at first green, later brown, up to 30 cm long. 

R. harrisonii: inflorescence much-branched, loose, many-flowered. Flower buds 
acute. Flowers smaller; calyx greenish-white; corolla white. Midrib and petiole 
yellowish-green (in the youngest léaves midribs sometimes pinkish). Fruiting rather 
rarely. Fruit smooth. Hypocotyl green, up to 35 cm long. 

R. racemosa: inflorescence much-branched, contracted, many-flowered. Flower 
buds small, obtuse. Flowers rather small; calyx greenish-white; corolla white. 
Leaves darker green above than in the preceding species; midribs, petioles and 
leaf buds red. Fruiting rather rarely. Fruit rough. Hypocotyl green, up to 50(65) cm 
long. 

For illustrations, see Keay (1953). 
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BOOK REVIEWS 
OF PUBLICATIONS RELATED TO BOTANICAL WORK 
IN THE NETHERLANDS 


Backer, C. A.: Dutch-English taxonomic-botanical vocabulary. 2nd ed. Bogor, 
1956 (1958). Bound, mimeogr., 8°, pp. 1-275. Dfl. 10.-, to be ordered with 
the Flora Malesiana Foundation, Rijksherbarium, Nonnensteeg 1, Leyden, 
Holland. 


A glossary of Dutch terms with their English equivalents in the fields of 
taxonomy, ecology, and plant geography, mainly used in descriptions of plants. 
It contains over 4.000 entries. The first edition appeared in 1949 and was issued 
by the Rijksherbarium & Flora Malesiana in 125 copies. The second, much 
enlarged edition has been printed by Bibliotheca Bogoriensis, Bogor, in 300 copies, 
and is intended mainly for educational purposes. Vv. ST. 


Lanjouw, J. (ed.): Flora of Suriname (Netherlands Guyana), founded by A. A. 
Pulle, vol. 1, pt. 2, p. 93-292, 1957. Published for the van Eedenfonds by ~ 
the Royal Tropical Institute, Amsterdam, Meded. No. 30 Afd. Tropische 
Producten No. 11. Dfl. 16.—. To be ordered from E. J. Brill’s Publishing Co., 
Leiden. 


Contents: Batidaceae (final page, F. P. Jonker), Bromeliaceae (L. B. Smith, 
p. 94-148), Marantaceae (A. M. E. Jonker—Verhoef and F. P. Jonker, p. 149-208), 
Phytolaccaceae (A. L. Stoffers, p. 209-217), Piperaceae (T. G. Yuncker, p. 218-290), 
Chenopodiaceae (J. Lanjouw, p. 291-292). As usual keys to the genera and species 
are given, with detailed descriptions of all species collected or recorded from 
Suriname, together with their literature, synonymy, distribution and an enumeration 
of all collections. 

The new taxa: 3 new species and | new variety in Bromeliaceae, a new genus 
with 3 new specific combinations in Marantaceae and 1 new species in Piperaceae 
have been described recently in Acta Botanica Neerlandica and in Mededelingen 
van het Botanisch Museum en Herbarium Utrecht. A number of endemic 
Piperaceae were described already by T. G. Yuncker in his former publications 
dealing with this family. Hees |e 


Srernis, C. G. G. J. van (ed.): Flora Malesiana ser. I, vol. 5, part. 5. 8°, 
pp. (jl)-(11), ccxxxv—cecxlii, 381-595. 1957-1958. Dfl. 37.50; binder Dfl. 6.-. 
N.V. de Erven Noordhoff, Publishers, Groningen, Holland. 


This is the final, voluminous instalment of volume 5, including the title-page, 
dedication, abbreviations & signs, supplement to the cyclopaedia of Malaysian 
collections and collectors, taxonomic revisions, addenda & emendanda, and 
general index. As usually it is profusely illustrated. The volume is dedicated to 
the memory of Prof. A. A. Pulle, who is mainly responsible for the revival of 
botanical interest in Holland for tropical floras and who raised the school of 
senior present Dutch taxonomists. Among the revised families the Rhizophoraceae, 
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Gonnaraceae, and Hydrocharitaceae are the largest. Great pains have been taken to 
elucidate ecological problems in the Rhizophoraceae and Hydrocharitaceae. ‘The 
smaller plant families comprise Batidaceae, Restionaceae, Centrolepidaceae, and 
Erythroxylaceae. A considerable number of plant names have been reduced and a 
few new species or new combinations proved necessary. There are various new 
reco:ds for Malaysia of species, genera, and even of a family. 

For those persons who only possess volume I of the Flora Malesiana, reprints 
have been made with separate cover of the Supplement to it (108 pp.), which 
can be obtained at Dfl. 10.— with the Flora Malesiana Foundation, Rijksherbarium, 
Nonnensteeg 1, Leyden Holland. Vv. ST. 


STeENis, C. G. G. J. vAN: Vegetation map of Malaysia 1/5.000.000. In colours. 
Size 691% by 124 cm. Printed in Holland with the aid of Unesco for the 
Unesco Humid Tropics Project. 1958. With Commentary, 8°, pp. 8. Sold 
by Unesco. 


The map intends to give primarily a reflection of physiognomy of the vegetation 
actually present, based on its structure. In the main type, the rain-forest, 8 subtypes 
have been indicated by signatures or hatching viz. dominance by Dipterocarpaceae, 
Agathis, Eusideroxylon, Casuarina junghuhniana, Pinus merkusii, Metroxylon, and fresh- 
water swamp-forest. By other colours have been indicated mangrove forest, 
secondary forest, savannahs, grassland, alpine grassland, monsoon-forest, teak- 
forest, wet rice-fields, dry fields and plantations. In all 18 types. In the commentary 
the status and characteristics of each of these types has concisely been discussed. 
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EFFECT OF VERNALIZATION AND DAYLENGTH 
ON NUMBER AND SHAPE OF LEAVES IN CHICORY 
AND ENDIVE 


J. DOORENBOS ann PETRONELLA C. RIEMENS 
(Publication 189, Laboratorium voor Tuinbouwplantenteelt, 
Landbouwhogeschool, Wageningen, Netherlands) 


(received January 22nd, 1959) 


INTRODUCTION 


Some years ago HARTMAN (1956) found that vernalization has 
pronounced after-effects on leaf morphology in chicory, Cichortum 
intybus L. In 1956 a small experiment to test these observations not 
only confirmed Hartman’s results but led to the additional observation 
that vernalized plants formed a smaller number of leaves per unit 
of time than unvernalized ones. As a consequence there was a steadily 
increasing difference in size between plants belonging to the two 
groups. 

As it seemed worth while to confirm and extend this incidental 
observation, an experiment was undertaken in 1957 with both 
chicory and the related species endive, Cichortum endiva L. This was 
followed in 1958 by’an experiment designed to give more data on 
the effect of daylength on leaf number in these two species. 


MATERIAL AND METHODS 


The varieties used were chicory “‘Selectiva” and endive ‘“Fullheart 
No 5”, both from the firm of Nunhem, Haelen (L.), Netherlands. 
Seed was soaked during 6 hours and presprouted at 26° GC during 
94 hours. In 1957 the germinating seed was vernalized at 1° C during 
0, 2 or 4 weeks. In 1958 endive seed was subjected to 5° C during 
0, 2 or 6 weeks and chicory seed was vernalized during 0, 2, 4 or 8 
weeks. The treatments were so timed that all groups of one experiment 
could be sown on the same date. In 1957 all seed was sown on May 22; 
in 1958, endive seed was sown on June 23 and chicory seed on July 7. 

Plants were grown in pots placed on lorries that were in the open 
from 8 AM to 4 PM and were then rolled into sheds where plants 
receiving a long-day treatment were subjected to 8 hours of weak 
light from incandescent lamps followed by 8 hours of darkness, while 
groups receiving a short-day treatment were in darkness during the 
whole 16-hour period. In 1957 there were 25 plants per treatment; 
in 1958 10 plants out of each group were studied. 
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RESULTS 
1, Chicory 

In 1957 the number of fully grown leaves was counted every two 
weeks. To preclude mistakes caused by dying off of the oldest leaves, 


after each counting a hole was punched in the youngest leaf counted. 
The results are given in Table 1. 


TABLE I 


Increase in leaf number of chicory after various vernalization treatments (day- 
length: 8 hours) 


' | 
Days after sows ey | 54. | 68 82 | 196 
Pretreatment at 1° C | | 


0 weeks | 


48 | 10.4 15.8 | 202 | 24.0 
2 weeks 4.3 9.6 15.2 90.3 1 (248 
4 weeks | 4.4 9.3 14.4 [Soe SS 210 


It is clear that plants vernalized during 4 weeks form a smaller 
number of leaves than the other groups, but the difference is not large. 
In 1958 the differences were more pronounced. Leaf numbers were 
counted only once, viz. 70 days after sowing. This time not the number 
of fully grown leaves was established, but the total number of leaves 
and leaf primordia longer than 3 mm. The data are given in Table IT. 


TABLE II 


Number of chicory leaves > 3 mm 70 days after sowing following various 
vernalization treatments 


a 


Weeks at 5° C | 


No 
ns 
joc 


Daylength | Q | 
| 
8 hours 12.5 12.9 | 10.6 
16 hours 97,5 546 me Ly 15.1 
natural long day 13.4 Le ar B08) 9.7 ) 


1) very few plants. 


There is a clear effect of vernalization in all groups, but also a 
striking difference in leaf number between plants in 8 hours of day- 
light and in 8 hours of daylight + 8 hours of incandescent light. 
On the other hand, plants grown in natural long day have a much 
smaller leaf number than those in artificial long day, but this can 
probably be explained by the fact that the former. were subjected 
to lower night temperatures than those in the sheds. 


2, Endive 


In 1957 an experiment was designed to determine whether the 
after-effects of low temperature on leaf morphology, found by Harr- 
MAN (1956) in chicory, occur in endive also. Not only was the number 
of leaves established, but other characteristics of the leaves were 
observed also. This led to the results given in Table III. 
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TABLE II 
Effect of vernalization on vegetative characters of endive after 3 months in 
8-hour days 
Sr 


Length of vernalization 


Chatsne O weeks | 2 weeks | 4 weeks 
| } 
Se ee es ee ee eee 

Number of leaves 52 | 51 | 34 
Fresh weight per plant 00.0 -g 44) ¢ SYA) 535 
Leaf length LOSS em 10.5 cm Oem 
Leaf width | a5 Gin | 6.9 cm 8.2 cm 
Leaf thickness / 185 mu | 170 mu |} 150 mu 


These data show that vernalized endive plants formed a smaller 
number of leaves than unvernalized plants and consequently had 
a lower fresh weight. Moreover leaves of vernalized plants were 
longer, broader and thinner than those of unvernalized plants. They 
were also smoother, more upright and slightly more pilose, although 
the effect of vernalization on the number of hairs was not nearly as 
pronounced as in chicory. 

These observations were confirmed in 1958. Fresh weight and 
number of leaves > 3 mm were established only once, viz. 80 days 
after sowing. The data are given in Table IV. 


TABLE IV 


Effect of vernalization and daylength on fresh weight and number of leaves 
> 3 mm of endive 


Length of vernalization 
Characteristic 
a 


O weeks 2 weeks 6 weeks 


| Daylength 8 hours 
Leaf number 72.0 | 64.3 | 44.5 
Fresh weight | 70.0 g | 85.0 g 65.0 g 
Daylength 16 hours 
Leaf number 31S) Hepes 
Fresh weight | 418 33.3 bolted 


Except for the weight of the unvernalized group in short day, 
which is unexpectedly low, the differences in fresh weight reflect 
those in leaf number. Both vernalization and long day cause an 
increase in length and width of the leaves, but these differences are 
small in comparison to the decrease in leaf number. The difference 
in length between leaves of the same rank on vernalized and un- 
vernalized rosettes is given in Fig. 1 and 2. 

It follows from the data in Table III that leaves from vernalized 
plants are broader than those from unvernalized plants, not only in 
the absolute but also in the relative sense. This was also confirmed 
in 1958, as shown by Table V. 

The ratio of length to width is smaller (i.e., the leaf is relatively 
broader) in long day than in short day, while in both daylengths 
vernalization lowers the ratio, i.e. causes broader leaves. 
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Fig. 1. Average length of mature leaves according to position on plants sub- 
jected to seed vernalization at 5° C during 0 or 2 weeks. Daylength: 16 hours 
(8 hrs. strong light + 8 hrs weak light). 
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Fig. 2. Average length of mature leaves according to position on plants sub- 

jected to seed vernalization at 5° C during 0, 2 or 4 weeks. Daylength: 8 hours 
(strong light). 
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TABLE V 
Length/width-ratio of endive leaves under various conditions 


—_—_——————_:9$7:0 OO eae — — — — — 


Position of leaves | | hy 
1=5 6-10 | ENS} 


Treatment 


Daylength 8 hours 


Unvernalized 1.95 1.80 Lear 
2 weeks: 5°’ @ 1.93 1.89 1.86 
6 weeks 5° C Lea7 levis 1.76 
Daylength 16 hours 
Unvernalized 2.03 | 2.07 | 1.88 
2 weeks 5° C 1.98 2.01 Loa 7 


DIscussION 


The interesting fact about the influence of low temperature is 
that it does not become apparent until later, at a higher temperature. 
At the moment the seed is subjected to cold there are no leaf primordia 
present. Apparently low temperature induces a change in the apical 
meristem which is irreversible, at least under the conditions of the 
experiments described (WELLENSIEK, DooRENBOS. and ZEEVAART, 
1956). How far this may be said of the influence of daylength also is 
not yet known. The assumption that low temperature acts directly 
on the meristem, but that daylength exercises its effect via the leaves, 
seems reasonable but has not been proven. Further research on this 
point and on the many other problems that arise from the results 
under discussion is now in progress. 


SUMMARY 


A study was made of the effect of seed vernalization and subsequent daylength 
on leaf number in vegetative plants of chicory and endive. In both species, 
vernalization and long day led to a marked decrease in number of leaves formed 
per unit of time. This corresponded with a decrease in fresh weight of the plant. 
The after-effects of low temperature on leaf morphology in chicory found by 
Hartman (1956) have been confirmed. In endive, vernalization leads to leaves 
that are longer, broader and thinner than those of unvernalized plants. 
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DIFFUSIBLE AND EXCHANGEABLE RUBIDIUM 
LONS INSPEATROOTS 


R. BROUWER *) 


(Botanical Laboratory, Groningen) 


(recewwed January 28th, 1959) 


INTRODUCTION 


Since the concept of apparent free space or outer space plays every 
day a greater part in the research on ion uptake (Briccs and RoBERT- 
son, 1958), many investigators are inclined to assume that the ions 
present in the apparent free space are carried passively by the tran- 
spiration stream as a kind of mass transport (a.o. Hytmé 1953; 
Epstein 1956; Kramer 1957; Kytin and Hyimo 1957). 

Whereas apparent free space is by definition freely accessible for all 
substances dissolved in the outer solution, this space would also have 
a free communication with the xylem vessels. This would mean that 
there does not exist an ion barrier between medium and xylem vessels. 
The ions would, therefore, be able to move freely by means of diffusion 
across the root tissue. 

There are, however, many data which present difficulties to this 
concept. It seems, in the first.place, to increase the difficulties of 
explaining the bleeding phenomenon, an objection against their 
theory that has already been mentioned by the authors of the view 
cited above (Epstein 1956; Kramer 1957). It is difficult to see how 
ions could be accumulated in the xylem vessels if we were to accept 
this hypothesis, but even when it takes place in the way suggested by 
Hywm6 (1953) viz. by accumulation in the vacuoles of differentiating 
xylem elements, which cells would release the ions in the xylem sap, 
it remains obscure how a higher concentration of ions in the xylem 
vessels could be maintained if a free passage of ions across the root 
tissue occurs. For, in that case we have to assume that an ion con- 
centration, however it may be effected, would be leveled down very 
rapidly. 

A second objection against the theory cited above has been given 
by means of experiments in which it was shown, that ions formerly 
accumulated in the cells, can be transported from cell to cell without 
leaching out to the medium. This has been shown to occur in Vallis- 
neria leaf tissue (Arisz 1954) and for the transport of ions from the 
root to the shoot (HELDER, 1958). 

These observations would tend to make one cautious in regard to 
the rather simple and perhaps obvious conclusions to be made from 


*) Present address: Institute for Biological and Chemical Research on Field 
Crops and Herbage, Wageningen. 
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the free space experiments. The experiments described in this paper 
will show how exchangeable rubidium ions present in the roots can 
be easily translocated to the shoots without important leaching out 
to the distilled water in which the root systems were placed. ; 


MaTERIAL AND METHODS 


After germination in moist sand pea seedlings were mounted on 
wooden disks (sets of 18 seedlings on each disk were used) and cul- 
tivated in a glass-house on a half-strength Hoagland solution for 
18-25 days. ‘They were then used for the experiments. 

During the uptake period, the root systems of intact plants or 
excised root systems were placed on a labelled rubidium chloride 
solution with constant aeration. After that, part of the sets were 
rinsed during 10 or 20 seconds in distilled water by moving them 
2 or 6 times up and down, blotting them then with filterpaper. The 
amount of labelled rubidium present in the root systems treated this 
way is taken as being the ions in the apparent free space (FSI) + 
exchangeable ions (EI) + accumulated ions (AI). 

Another part of the root systems was rinsed with distilled water 
during 30 to 240 minutes (time of rinsing mentioned for each ex- 
periment) and the rubidium ions present in the tissue after this 
treatment are taken as being exchangeable ions + accumulated ions. 
The accumulated fraction is defined as the amount of rubidium present 
in the root after washing the root systems in an unlabelled solution 
with the same concentration as used during the uptake period. 

By subtracting the different amounts from each other, the values 
for apparent free space ions, exchangeable fraction and accumulated 
fraction were determined. 


EXPERIMENTS 


1. The amount of ions in the different fractions as dependent on the duration 
of uptake. 

Excised root systems were transferred to a 10 mM Rb*CI solution 
and after various absorption periods taken out for analysis. Each 
time the series consisted of three sets. One was washed in distilled 
water during 20 seconds by gently moving the root system up and 
down 5 times and thereafter blotting them with filterpaper. Another 
set was rinsed in distilled water during 60 minutes and the third 
ones in 10 mM RbCl during the same time. Fig. 1 shows the amounts 
of Rb* ions present in the roots after the different treatments as 
dependent on the duration of the uptake period. 

The accumulation of Rb* ions in the root tissue continues at a 
constant rate throughout the whole experiment. Apparent free space 
and exchange space, however, are fully equilibrated with the outer 
solution in time periods as short as 30-60 minutes. This is shown in 
Fig. 2. The amount of ions in the AFS and the amount of EI are 
more or less the same in this experiment. 
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180 270 min 
Fig. 1. Hige=Z. 
Fig. 1. Time course of the Rb* uptake by excised pea roots. Nutrient solution 
10 mM Rb*Cl. Aeration throughout. 
Fig. 2. ‘Time course of the penetration of the root (Fig. 1) by FSI (circles) and EI. 


2. Further analysis of the exchangeable fraction. 


In previous experiments the amount of exchangeable rubidium 
was rather variable. Moreover there was a striking difference in 
the bleeding activity. Sometimes the root systems showed a distinct 
bleeding, in other cases the bleeding was very small. It was to be 
suspected that there would be a relation between the variability in 
bleeding activity and the amount of exchangeable ions in such a way, 
that root systems showing rapid bleeding in distilled water would 
contain a smaller amount of exchangeable Rb* afterwards. The root 
systems which were rinsed in distilled water with the cut surface below 
the surface of the liquid were now washed, partly with the cut surface 
below and partly with this surface above the solutions. Fig. 3 shows the 
results of such experiments. After the uptake period, part of the root 
systems were firmly blotted with filterpaper (FSI + EI + AI vide 
p. 69), another part was rinsed with distilled water during 60 minutes, 
1.e. group | with the cut surface above and group 2 with the cut 
surface below the water surface. The third portion was washed 
during 60 minutes with the unlabelled solution in the same manner, 
i.e. with the cut surface above or below the surface. 

It appears (Fig. 3), that part of the ions which are measured as 
exchangeable ions in group | are measured as AFS-ions in group 2. 
This means that part of the exchangeable ions leaves the root through 
the cut surface if this surface is rinsed in water. This fraction may be 
present in the xylem vessels at the end of the uptake period and/or 
it represents the results of the bleeding of the root system. 

In the following experiment the bleeding sap was captured and 
analysed separately, whereas the rootstump above the rinsing solution 
(about 1. cm) was analysed separately from the rest of the root 
tissue. The results of two experiments of this kind were plotted in 
Fig. 4. The differences arising from rinsing with and without urany]- 
nitrate 10-3 M during a rinsing period of 45 minutes were compared. 
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It is clear that without inhibitor more Rb* is transported to the 
rootstump and more is excreted in the bleeding sap than in the 
presence of the inhibitor. Comparing these two treatments it is clear 
that the transported labelled rubidium ions are totally removed from 
the exchange spots and partly from the accumulated fraction’(negative 
exchangeable fraction) without inhibitor. a 
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Fig. 3. -Influence of the way of rinsing on the amount of Rb* ions in the different 

fractions viz. accumulated ions (Acc.I.), exchangeable ions (EI) and ions in the 

free space (FSI). 1. rinsed with the cut surface above the liquid. 2. rinsed with 
the cut surface immersed. A and B replicate experiments. 


Fig. 4. The bleeding as a cause of the decrease in amount of exchangeable ions 
during a stay on distilled water. After an uptake period on 5 mM Rb*CI during 
3 hours, the roots have been rinsed 45 minutes in distilled water (1) or in 10-? M 
uranylnitrate (2). In both cases with the cut surface above the liquid. a. exchangeable 
Rb* ions in the root tissue after the rinsing period. b. Rb* ions in the root stump 
i.e. that part of the root above the liquid surface. c. Rb* ions in the exudate. 


Summarising the results of the experiments described in this section 
it is evident, that the exchangeable ions can be quantitatively trans- 
ported with the bleeding stream, and that an active process takes the 
ions from the exchange sites into the xylem vessels (Arisz 1945, 
1956, 1958). 


3. The translocation of exchangeable rubidium tons to the shoot. 


In the preceding paragraph we have seen, that the exchangeable 
ions can be translocated to the xylem vessels which causes an exudation 
at the cut surface of decapitated plants. It will be of some interest to 
know how this transport depends on the transpiration rate in intact 
plants. In the following experiment (results plotted in Fig. 5) intact 
pea plants absorbed Rb*Cl during 60 minutes. At the end of this 
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period the shoots of part of these sets were excised and the roots were 
rinsed with distilled water or with unlabelled rubidium chloride. In 
this manner the amount of diffusible, exchangeable and accumulated 
ions at the end of this period can be known, the state of affairs 
being shown in Fig. 54. Of the other sets the root systems were 
transferred to distilled water and the shoots were covered by a glass- 
cover (low transpiration, water uptake 2 ml/hr), or placed at free 
transpiration (moderate transpiration, water uptake 4 ml/hr) or 
ventilated (high transpiration, water uptake 7 ml/hr). This treatment 
lasted 60 minutes. Thereafter the exchangeable and accumulated 
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Fig. 5. Uptake and subsequent redistribution of Rb* ions in pea 

A, The amount of Rb* ions in the shoots (A — A) and in the trorch 
latter separated in exchangeable ions (@— @) and accumulated ions ray 
as measured directly after an uptake period of | hour on 10 mM Rb*C] at various 
transpiration rates (0 ml/hr = excised root systems, 1.84 ml/hr glasscovered intact 
plants, 4.16 ml/hr freely transpiring plants and 7.00 ml/hr). 

B. ‘The distribution of the Rb* ions over the three fractions of Fig. 5A after 
a sey peers pened on 10 mM Rb*Cl followed by a subsequent stay of 1 hour on 
istilled water. lIranspiration treatment i i 
ae er wai ae of the plants during both periods as 

C. Changes in the amount of Rb* ions in the three fraction (diff 
between Fig. 5A and Fig. 5B) during the stay on distilled water as revaeeate 
transpiration rate. (1) decrease in the amount of exchangeable Rb* ions in the 
roots. (2) increase in the amount of Rb* ions in the shoot. (3) increase or decrease 
of the amount of accumulated Rb* ions in the roots. 

D. Showing the accordance between the decrease of the exchangeable fraction 
(3) and the increase in accumulated + transported fraction (4). 
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fraction was determined in the same way as described above. The 
state of affairs at the end of the redistribution period is plotted in 
Bic. 5B: 

It became apparent that the treatment following the uptake period 
resulted in a decrease of the amount of exchangeable labelled rubidium 
ions in the roots and that this decrease was greater with high tran- 
spiration rates than with low transpiration, the moderate transpiration 
lot giving values in between. In the case of the decapitated root 
systems on distilled water, the decrease of the exchangeable fraction 
corresponded with an equivalent increase of the accumulated ions. 
In the intact plants a competition occurs between accumulation in the 
root and transport to the shoot. The latter was the more pronounced 
the greater the transpiration rate, with the strongest transpiration the 
whole amount of exchangeable Rb* ions was transported in one hour 
to the shoot and perhaps also a little of the accumulated fraction. 
This transport is shown in Fig. 5C (difference between Fig. 54 and 
Fig ob): 

By these results one seems justified to state that the exchangeable 
rubidium ions can be transported via the xylem vessels to the shoots 
without diffusing to the medium, because the loss of ions from the 
exchangeable fraction can be measured quantitatively as an increase 
in the shoots (Fig. 5D). 


4. The translocation of labelled rubidium tons from the roots to the shoots 
if both diffusible and exchangeable tons are present. 


The uptake period in this experiment again lasted 60 minutes. 
After that the root systems of the intact plants were gently blotted 
with filterpaper (the plants remained in their position on the wooden 
holders). Three sets were used for the direct estimation of FSI, EI 
and AI in the way described above. The other sets were placed in the 
dark with their root systems in humid air, loss of ions to the medium 
being impossible. After resp. 1, 2 and 4 hours three sets each time 
were removed for analysis of the three fractions at that moment. 
At the same time a series of plants remained on the radioactive 
rubidium chloride solution in order to be able to compare the trans- 
location rates of the series. The results shown in Fig. 6A indicate that 
in this experiment the AFS is considerably greater than in the ex- 
periments described above. This was caused by the less effective 
blotting. The amount of ions in the AFS decreases continuously 
throughout the experiment and rectilinearly with the time. Besides 
it is evident that the amount of exchangeable ions did not alter. 
This means that in this case the transport to the shoot takes place at 
the cost of the ions in the AFS and not of the exchangeable ions. 
It remains possible, however, that the exchangeable ions are transport- 
ed but are replaced from the AFS. On the basis of these experiments 
it is not possible however to make a choice between these two possibil- 
ities. 

Comparing the results of the two series, it is evident that the rate 
of accumulation in the roots is somewhat greater for the plants 
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remaining in the nutrient solution than for those with the roots, in 
humid air. Both rates are smaller than the absorption rates during 
the first hour, with the shoots in the light. 
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Fig. 64. Amount. and distribution of Rb* ions in shoots (A — A) and roots, 

the latter separated in accumulated ions (A — A), exchangeable ions (@— @), 

and ions in the free space (0 — ©) after a 1 hour uptake period in the light on 

a 10 mM Rb*CI solution and after a subsequent 4 hour period in the dark on 
the same solution. 


Fig. 6B. Amount and distribution of the Rb* ions in shoots and roots after an 
initial uptake period of 1 hour in the light on a 10 mM Rb*CI solution followed 
by blotting of the root systems and a subsequent redistribution period in the dark 
with the root systems in moist air. Signals as in Fig. 6A. The ions present in the 
free space are moving to the shoots and for a part also to the accumulated fraction 
of the roots. The amount of ex¢hangeable ions remains the same throughout. 


DiscussIon 


The data obtained in these experiments are in part in agreement 
with the results obtained by other authors. After transferring the 
root systems to a salt solution from a solution lacking these ions the 
AFS is filled up with ions in a very short time by means of diffusion. 
This AFS can represent a considerable percentage of the tissue, viz. 
20-35 % of the root tissue of barley and wheat (BUTLER, 1953; 
EpsTEIN, 1956; Kyztin and Hyztmé 1957) and a somewhat lesser 
percentage of bean plants (Horr and Srevens 1952) and pea plants 
(HyiM6 1953). The percentage found in the present author’s experi- 
ments with pea plants treated in the way described above were about 
7-10 % of the root volume. In accordance with the results of EpsTEIN 
(1955) the ions present in the free space can be transported to the 
shoot or accumulated in the root cells. 

In addition to the apparent free space another ion fraction is 
attained at the same time and with the same rate. This fraction may 
relate to ions adsorbed on conversely charged sites as generally 
suspected. It is common knowledge that the exchangeable ions can 
only diffuse from the tissue to the medium if they are replaced at the 
same time by ions of the same kind or by very similar ions. By such 
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a behaviour this ion fraction is defined and this is used to measure 
this component. 

Most interesting in these experiments the present author 
considers the fact that during a stay on distilled water following 
an uptake period the exchangeable rubidium ions are released from 
the root tissue. These ions are, however, not given off to the outer 
solution but are quantitatively involved in a one-way transport to 
the exudation sap or to the shoot. This means that these ions once 
in the protoplasm go much easier towards the xylem vessels than 
back towards the medium. 

If both diffusable and exchangeable ions are present, the amount 
of the latter is nearly constant. This means that the diffusible ions 
either go straight to the xylem vessels or they replace the exchangeable 
ions if these are directly transported to the xylem vessels. At the 
moment no preference can be given to one of these two possibilities. 

These experiments also give some suggestions on the localisation 
of the ion fractions concerned. The observation that the amount 
of ions in the AFS seems to be greater when the root systems are rinsed 
while submersed in water than when rinsed with the cut surface 
above the liquid and that the exchangeable fraction in the latter 
case is greater, is a strong indication that exudation is continued while 
the root system is being rinsed. It has not been proved, that the ions 
in the xylem vessels can be exchanged but when exudation continues 
new ions will be taken from the central plasm into the xylem vessels. 
There must be an active mechanism which transfers the ions from 
the surface to the vessels. Where this system is localised is still unknown. 
Since in addition the value of the apparent free space is so much 
dependent on the method of determination and seems always the 
greater the thinner the roots (compare barley and wheat with bean 
and pea) it may be suggested that the AFS is localised at the root 
surface and in the cell walls of the root cortex. The exchange ions 
might be found in the protoplasm of the root cells. 

If this assumption is right, it would mean that the plasmalemma 
would constitute an ion barrier between medium and xylem vessels. 
This barrier would in that case be easily crossed by the ions going 
inwards much more difficult in the outward direction (WALKER 1957). 
This concept may aid in explaining a number of observations which 
seem so diversifying on first sight. The influence of the transpiration 
rate on the ion transport may be pronounced, as long as the entrance 
of ions into the protoplasm is not the limiting factor in the chain of 
processes involved in the ion uptake. 
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SUMMARY 


Experiments are described in which it is shown that exchangeable rubidium 
ions in pea roots are transported to the shoot. The rate of this translocation is 
dependent on the transpiration rate. ‘The exchangeable ions are released by the 
tissue to the xylem vessels without leaching out towards the medium. It is suggested 
that this indicates the presence of an ion barrier in the plasmalemma. 

The apparent free space is thought to be localised at the root surface and in the 
cell walls of the cortex, whereas the exchangeable ions are found in the protoplasm. 
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ALPINE SPECIES: OF TARAXACUM 
WITH SPECIAL REFERENCE TO THE CENTRAL AND EASTERN ALPS 
J. L. VAN SOEST 
(s-Gravenhage) 


(received December 30th, 1958) 


INTRODUCTION 


In this study I do not intend to give a more or less complete survey 
of the Taraxacum species, growing in the alpine regions of Europe. 
Many taxa are not yet well recognized and, partly, they are in- 
sufficiently collected for description; in several cases their achenes 
are not available, often due to the fact that these ripen too late in 
the season: mostley they are flowering in July or August. 

The sections, represented in these alpine regions, are listed below; 
only a few will be treated here in more detail. Besides material of my 
own, rather extensive alpine collection, I have used material of the 
following herbaria, in most cases only for a part; the abbreviations 
refer to those used in Index Herbariorum I, ed. 3, 1956 by Lanjouw 
and Stafleu: Instituto Botanico de Barcelona (BC); Jardin Botanique 
de l’Etat, Bruxelles (BR); Biindner Naturhistorisches und National- 
park—Museum, Chur (CHUR); Instituto Botanico Dr. Julio Hen- 
riques, Coimbra (COI); Conservatoire et Jardin Botaniques, Genéve 
(G); Institut fiir systematische Botanik, Graz (GZU); Institut 
Botanique de la Faculté des Sciences, Grenoble (GR); The Her- 
barium, Kew (K); Musée botanique cantonal, Lausanne (LAU); 
Riyksherbarium, Leiden (L); Botanisk Museum, Oslo (O); Muséum 
National d’Histoire Naturelle, Paris (P); Geobotanisches Forschungs- 
institut Riibel (RUEB); Naturhistoriska Riksmuseet, Stockholm (S) ; 
Botanisch Museum en Herbarium der Rijksuniversiteit, Utrecht (U); 
Naturhistorisches Museum, Wien (W); Laboratorium voor Planten- 
systematiek en Plantengeographie, Wageningen (WAG); Botanischer 
Garten und Museum der Universitat, Ziirich (Z) ; Institut fiir Spezielle 
Botanik der Eidg. Technische Hochschule, Ziirich (ZT). 

Furthermore I was able to examine the private collections of 
P. Aellen, J. Duvigneaud, J. Lambinon, Prof. R. de Litardiére f, 
Prof. H. Melzer, Dr. H. Schaeftlein and Prof. F. T. Widder. 

I acknowledge with much gratitude the help of the directors of 
the above mentioned institutes and of the other gentlemen for the 
loan of their important material and for their help in some way or 
another. The photographs, reproduced by courtesy of the Rijks- 
herbarium, Leiden, are made by Mr. C. L. Marks, whom I am 
grateful for this fine work. 
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Apart from the abbreviations, given above, a few are added here: 
h = herbarium; H. M. = von Handel—Mazzetti; v. S. = van Soest. 


SECTIONS 


1. Parvula von Handel-Mazzetti, 1907. Monogr. Taraxacum: 45; 
van Soest, 1954. Collectanea Botan. 4./: 13. The section is represented 
in the region, considered here, by only one species: J. dissectum 
Ledebour; for its distribution, see v.S., Lc. 

9. Pachera van Soest 1954. Collectanea Botan. 4./: 14. The 
section consists of three species: 7. pacheri Schultz-Bip.; for its distri- 
bution, see Hegi 1928. Flora Mittel-Europa 6.2.: 1089; T. litardiert 
v. Soest 1957. Acta Bot. Neerl. 6: 416, known from Corse and the 
Alpes Maritimes; the third one: T. nevadense Lb. f. is only known from 
the Sierra Nevada. 

8 Arctica Dahlstedt 1921. Acta~Fl. Suec.: 37 and 1928. K. 
Svenska Vet. Ak. Handl. 3.6: 55, with 2 species in the region: T. 
handelii Murr and T. reichenbachii (Huter) Huter, both known from 
the eastern Alps, see Hegi I.c.: 1086 and v. Handel-Mazzetti 1935. 
Verh. Zool.-Bot. Ges. Wien 85: 26-49. 

4. Ceratophora Dahlstedt l.c.: 34, common in the boreal and 
arctic regions and known from few localities in the central and eastern 
Alps; a new species is described below. 

5. Alpina Haglund 1950. Ber. Schweiz. Bot. Ges. 60: 237; species 
of this section are treated below in detail. 

6. Fontana v. Soest is described as a new section; a number of 
species is treated here in detail. 

7. Cucullata v. Soest is described as a new section and treated 
in detail. 

8. Rhodocarpa v. Soest 1954. Collectanea Botan. 4./: 15 is 
represented by 7. schroetertanum v. Handel-Mazzetti, a species more 
abundant than was mentioned earlier by H.M. lc.: 104-105 and 
Hegi l.c.: 1094-1095; additional localities are given below. Under 
the same heading T. rufocarpum is described, though possibly not 
belonging to this section. 

9. Vulgaria Dahlstedt (apud Lindm. 1918); Dahlstedt 1921. 
Acta Fl. Suec. Many species of the European plains are introduced 
in the alpine region; a few, seeming to be native in the subalpine 
and alpine districts, are treated below. 

10. Eu-Erythrocarpa Dahlstedt 1921, Acta Hort. Bergiani 
9.1: 23. Only T. aquilonare v. Handel-Mazzetti is known from here; 
for its distribution, see Hegi l.c.: 1095; other species occur in the 
extreme West and East of southern Europe and in the Orient. 

11. Erythrosperma Dahlstedt em. Lindberg f. 1935, Acta Bot. 
Fennica: 17; species of this section are only scarcely introduced into 


the higher alpine region; amongst these 7. plumbeum Dahlstedt seems 
to be the most common one there. 
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SECTIO CERATOPHORA DAHLSTEDT 


Taraxacum krAttlii van Soest nov. spec., hig 
Planta humilis 5-8 cm alta. 


Folia ad 7 cm longa (petiolis alatis roseo-violaceis inclusa) laete 
gramineo-viridia, in nervo dorsali parce araneosa vel glabra. Folia 
exteriora oblanceolata denticulata vel breve dentata; interiora breve 
lobata; lobi laterales utrinque ad 4, triangulares ad 4 mm longi 
dorso denticulati vel breve dentati, interlobiis subnullis latis; lobus 


terminalis indeterminatus subobtusus paulo denticulatus interdum 
incisus. 
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Fig. 1. T. krattlii v.S., type specimen. 
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Scapi ad 3 subcrassi glabrescentes. 

Involucrum crassiusculum ca. 13 mm longum, 12 mm latum, 
obscure viride siccis nigrum. Squamae exteriores —- adpressae ovatae 
ad 7 mm longae, apice pro parte cornutae pro parte corniculatae 
vel callosae, albo-marginatae; squamae interiores late lineares, 
membranaceo-marginatae corniculatae vel callosae, apice obtusae 
saepe erosae. 

Calathium paulo radians ad 3 cm diametro pallide luteum. Ligulae 
marginales planae extus stria pallide cano-purpurea notatae, apice 
obscure purpureae. Antherae polliniferae; stylus parte superiore et 
stigmata fusco-virescentia. Floret augusto. 

Achenium (specimen 1906, Candrian!) pallide brunneum, ca. 4,5 
mm longum (pyramide inclusa) superne argute et patente spinulosum 
ceterum rugosum—basi laeve, in pyramiden ca. 0,8 mm longam 
sensim abiens; rostrum ca. 7 mm longum; pappus albus 6 mm longus. 

E sectione Ceratophororum Dahlstedt. 


Typus: Rhaetische Alp.: Piz Padella, 13.8. 1880 Krattl (CHUR); 
also h. ZT; from the same mountain: 9950-2260 m, 1906 Candrian & 
H. M. (ZT), see also H. M., Monographie Tar., Plate 5 and Candrian 
1928, Katalog Oberengadiner FIl.: 157. Furthermore: 2300 m, 1910; 
2400 m, 1913 and 1915, all Branger (RUEB, Z). 


This species already was recognized by H. M. as T. ceratophorum 
(Ledebour) DC, a macrospecies standing for the whole section. 

Remark. In the same region a form has been collected with few and 
small appendices on the involucral bracts, suggesting a transition 
between T. kratili and an.other alpine species. Though Taraxacum 
in general is highly apomictic, transition forms may not be excluded. 
Mutations are known, for instance in normally triploid Vulgaria, 
which partly and to some degree can produce crossings, resulting in 
partly viable apomictic products. 


Sectio ALPINA HAaGLUND 


A description of Leontodon alpinus Hoppe has been published in 
Sturm 1821. Deutschlands Flora. Hoppe’s herbarium has been 
included in that of the Botanical Institute of Graz (GZU); however 
the labels have been mutilated in some way or another, as Prof. 
Widder has kindly communicated to me; so, there is no real possibility 
to reconstruct Hoppe’s type specimen in this collection. Happily, 
I know some plants, collected by Hoppe, send by him to Koch, and 
now in the Rijksherbarium at Leiden; a sheet contains a few specimens 
and a label, written by Koch: ‘‘alpinum ab autore Hoppio”. ‘The plants 
belong to three different microspecies, all belonging to sect. Alpina. 

Afterwards, Hegetschweiler and Heer 1840. Fl. der Schweiz: 
762 have introduced the name 7. alpinum, but Becherer 1952. Ber. 
Schweiz. Bot. Ges. 62:581, showing that this name is not valid, has 
proposed: T. palustre (Lyons) Symons ssp. Hegetschweilert. 

In his monography v. Handel—Mazzetti has treated T. alpinum 
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as the others authors in its broad sense, more or less aequivalent to 
the whole section Alpina, described by Haglund. 


LO: 


Ly 


KEY TO THE SPECIES OF SECT. ALPINA 


(as far as mentioned in this paper) 


. Pollen absent 


Pollen present . 


. Flowers without or with pale grey or . clear “purple stripes 


underneath : 
Flowers with dark brown- or bluish-violet stripes underneath 


. Flowers lingulate 


Flowers tubular: leaves lobate, lobes ‘triangular, acute; 
terminal lobe acute. . ete! oreophilum 
Remark: few other forms with tubular flowers have been 
found, partly (?) being aberrations; see also sect. Cucullata. 

Involucre dark, black in dried condition; flower heads 
fadiate .. ~~ ee aap 

Involucre green, flower heads small, non radiate 

4. T. mattmarkense 


_ Flowers without or with pale grey. or pink stripes underneath 


SP Teent Spt 7. T. parsennense 

Remark: compare Siar el ee ha carinthiacum 

Flowers with dark greyish-violet, Beg or -blue stripes 
underneath 


. Stigmas clear yellow op ty RNS) Ts pseudofontanum 


Stigmas dirty yellow, even in 1 dried condition . . 

Stigmas (and upper Sit of styles) dark, in dried condition 
black . : 

Leaves deeply lobate, lateral lobes narrow, ‘terminal lobe 
relatively big; flowers tubular or nearly so; outer bracts of 
the involucre narrow, lanceolate, narrowly margined 

Reloe le vernelense 

Leaves nearly entire or ‘sublobate, flowers lingulate 


_ Outer bracts of the involucre dark green without margine, 


ovate, appressed; leaves not thin, grass-green . 
ra 3. T. helveticum 
Outer bracts of the involucre pale green, with pale margine, 
+ recurved, oblanceolate; leaves thin, yellow-green . 
ee en OM ams ddscise 
All leaves with distinct and narrow petioles, obovate, not or 
only scarcely dentate, seldom sublobate . . 
Bg Dolede petioluatum 
Leaves distinctly lobate . 
Lobes short, lingulate, obtuse or “nearly sO, ‘mostly entire: 
outer bracts of the involucre appressed 12. T. venustum 
Lobes triangular, acute, often with recurved apex . 
Rostrum at least 6 mm 
Rostrum at most 6mm . 
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12. Lobes mostly slightly recurved... - - bred. panalpinum 

Lobes (of the leaves on the same plant) spreading outwards 
and partly upwards, seldom partly recurved 

Belg ovodc, soak des anus Ogle cae ee lemon an ranT 

13. Achenes (except cone) nearly 4,5 mm long; involucre nearly 

14 mm long; bracts partly with appendices; leaves yellow- 

ISM ORCRI fy wean oe ee ee _ 1. T. apenninum 

Achenes (except cone) nearly 3 mm long, involucre nearly 

11 mm long, bracts without appendices ; leaves grass- 

PEC ET) 9 5 rea Se Ole aoe einer ll. TZ. vereinense 


1. Taraxacum apenninum (Tenore) DC. emend. v. Soest; 


Leontodon apenninum Tenore 1830; Taraxacum apenninum DC. 1838; 
E. & A. Huet du Pavillon, Pl. Neapol. exsicc. 380, pro 7. apennino 
Tenore; non J. apenninum Tenore 1845 and v. Handel—Mazzetti 

1923. et aut: 


The descriptions by Tenore and by De Candolle, are insufficient; 
therefore I have to give a more detailed one, which I have based on 
the exsiccatum of Huet du Pavillon, very similar to the plant—not 
very well developped—collected by Tenore and used by De Candolle 
for the decription in his Prodrome. The exsiccatum, furthermore, 
seems in full agreement with the icones in Tenore, Fl. Neapolitana 5, 
labo fel Figiels 

There has been a confusion with TJ. glaciale E. & A. Huet du 
Pavillon, exsicc. 377 by several authors, a species without rostrum, 
even by Tenore himself. 


Planta mediocris ca. 8-12'cm alta, parce araneoso-pilosa. 

Folia numerosa ad 15 cm longa (petiolo pallido angusto vel subalato 
vel pro parte conspicue alato inclusa), luteo-viridia, lingulata multi- 
lobata; lobi laterales utrinque ad 6, breves deltoidei vel triangulares, 
saepe obtusi vel subobtusi, inferiores acuti dentati vel denticulati, 
interdum dorso grosse dentati, margine inferiore integro, in interlobiis 
ad 6 mm latis abeuntibus; lobus terminalis subobtusus subhastatus vel 
indeterminato-deltoideus, lobuli basis breves. 

Scapi floriferi foliis breviori, sub involucro saepe glabri. 

Involucrum mediocre ad 14 mm longum, ad 10 mm latum, basi 
subtruncatulum, viride. Squamae pro parte callosae, exteriores laxe 
adpressae oblanceolatae vel ovatae, ad 6 mm longae, ad 4 mm latae, 
obtusae, albo-, roseolo- vel pallide marginatae; squamae interiores 
late lineares, membranaceo-marginatae. 

Calathium paulo radians. Ligulae marginales angustae, planae, 
extus stria obscure cano-purpurea notatae. Antherae polliniferae; 
stigmata sordide lutea. Floret aestate. 

Achenium stramineum ca. 4,5 mm longum (pyramide exclusa), 
superne spinulosum, in pyramiden conicam ca. 0,7 mm longam 
subsensim abiens. Rostrum 7 mm longum; pappus albus, 5 mm longus. 

E sectione Alpinorum Haglund. 
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_Typus: in pascuis ad noves montis Corno (25-2800 m), Apruti, 
26.8.1856 Huet du Pavillon, Pl. Neapolitani no. 380 (G, K, P, W, 
WAG); from the same place, 27.8.1856 Huet du Pavillon (G, as 
T. officinale var. alpinum Koch). 

_ Furthermore I have seen: Apruc., 1833 Tenore (h.DC); Majella, Valle di 
Femina Morte, 1924 H.M.(W), in company with T. glaciale Huet du Pavillon: 
they are labelled by H.M. respectively as: T. alpinum and T. apenninum! 


2. Taraxacum carinthiacum van Soest nov. spec. 


Planta mediocris glabrescens. 

Folia numerosa sublutescentia subglabra, petiolis pro max. parte 
alatis, pro parte late alatis, nervoque mediano pallido. Folia eaedem 
plantae valde variabilia, lobata; lobi laterales utrinque plerumque 
3-4, saepe deltoidei breves vel triangulares sublongi (summo saepe 
sublingulato), erecto-patentes vel retroversi, integri vel margine 
inferiore vel superiore 1-2 dentibus muniti; interlobiis interdum 
indeterminatis integris vel 1-2 dentibus munitis vel sublobatis; lobus 
terminalis indeterminatus saepe + depresso-rhomboideus, integer vel 
sublobatus, interdum lobuli basis subovati distincti. 

Scapi foliis subaequilongi, glabri vel sub involucro parce araneosi. 

Involucrum mediocre ad 13 mm longum ad 15 mm latum, obscure 
viride saepe subglaucescens. Squamae exteriores erecto-patentes 
interdum apice recurvatae, lanceolatae vel ovato-lanceolatae ad 
6 mm longae, anguste vel angustissime albo- vel viride marginatae; 
squamae interiores late lineares. 

Calathium planum radians ad 3,5 cm diametro obscure luteum. 
Ligulae marginales planae extus stria cano-purpurea notatae. Anthe- 
rae parce polliniferae. Stylus parte inferiore aureus, superiore luteo- 
virescentia, stigmata sordide lutea vel fuscescentia. Floret aestate. 

Achenium (speciminis non typici) stramineum 4 mm longum 
(pyramide inclusa) superne subspinulosum ceterum laeve, in pyra- 
miden conicam ca. 0,5 mm longam subsensim abiens; rostrum 
5—6 mm longum, pappus albus 5 mm longus. 

E sectione Alpinorum Haglund. 


Typus: Hohe Tauern: Mallnitzer Tauerntal, slopes of Geiselkopf 
1900 m, 18.7.1957 v. Soest (h. 38034; also 38016—7, 38019, 38030). 


Furthermore: 

Alp. de Savoie: Dent d’Octre 2000-2200 m, 1904; Pas de la Bosse 1700 m, 1899; 
Lac de Soix 2250-2260 m, 1905, all Briquet (G); Col d’Iséran, 1884 Perrier 
(G); Col de la Vanois-Tarentaise, 1889 Fauconnet (G). 

Berner Alp.: Paneyrossaz, Alp. de Bex, 1835 Muret, also de Charpentier ; the 
same valley 2210 and 2290 m, 1943 Villaret; Outans 1970 m and Vallée de 
VEtivaz, Seron 2060 m, both Maillefer, all (LAU). 

Walliser Alp.: Betlihorn, 1891 Chenevard (G); St. Bernard, 1843 Reichenbach 
f. (W). 

Shares ee Graue Horner, 1857 Alioth (G). 

Rhaetische Alp.: Cucal Nair, Val Avers 2500 m, 1895 v. Tavel (ZT); Albula 2300 
m, 1892 Meyer (ZT); Albula-Hospiz 2310 m, 1948 v.S. (h); Piz Padella, 
1915 Branger (Z); Las Trais Fluors, 1937 la Nicca (CHUR); also 2740 m, 

"1957 Liidi (RUEB); Val Curtins, Oberhalbstein, 1914 Schinz (Z); Lunghino 
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pass 2400 m, v. Tavel (ZT); Ratschenfluh near St. Antonien, 1919 Baum- 
gartner (ZT); Arosa, Rothorn 2400 m, Schroter (ZT); Parsenn 1900-2100 m, 
1954 v.S. (h); Calanda, above 1800 m, Saléz (ZT); Sulzfluh, Ratikon 2100 m, 
1952 v. Hattum & v. Ooststroom (h). 

Oetztaler Alp.: Prossental 21-2400 m, on several spots, 1956 v.S. (h). 

Salzburger Kalkalp.: Schneeberg, 1887 Faimann (W) ; Geisstein, Traunsteiner (W). 

Sarntaler Alp.: Sarnerscharte 2400 m, Haussmann (W). 

Stubaier Alp.: Gschnitztal, Trins, 1873 Churchill (K). 

Brenner: Gries, 1865 Huter (K). 

Hohe Tauern: Virgen 2400 m, 1866 Gander (K); Steiner Alpe near Windisch 
Matrei 2400 m, 1880 Mordnetz (W) and 1931 H.M. (W); Glockner region, 
1905 Vierhapper (W); Teischnitz, Finsteres ‘Tal 2600 m, 1953 Melzer (h); 
Gross Glockner, Franz Josefshohe 2420 m, Mallnitzer Tauerntal, slopes of 
Feldseekopf and of Geiselkopf 1900-2000 m, Déssenertal nearby the lake 
9950-2300 m, all 1957 v.S. (h); Hagener Hiitte and Greilkopf 22-2500 m, 
1932 H.M. (W). 

Totes Gebirge: Tragln, Sigistal, 1952 Schaeftlein (h). 

Karawanken: Hochobir near Kappel 1800 m, 1880 Preissmann (W). 

Karnische Alp.: Cellonkofel 1600 m, 1957 Melzer (h). 

Herzegovina: Trinaue, PleSa pl., Schneider (W). 


FLORA WARE Fike) SERE ANES 


Fig. 2. T. helveticum v.S., type specimen. ~ 
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3. Taraxacum helveticum van Soest nov. spec., Fig. 2. 


Planta 5-12 cm alta sat robusta, glabra vel valde glabrescens, 
basi fragmentis foliorum vetustorum subincrassata. 

Folia numerosa subdecumbentia pallide vel luteo-viridia, lingulata 
vel subovata obtusa 1-2 cm lata, 3-9 cm longa, petiolis subnullis 
pallide viridis saepe latissime alatis; folia saepe integra vel retroverso- 
denticulata vel paulo breve triangulariter dentata. 

Scapi 1—2(—4) subcrassi, florendi tempore foliis + superantes, 
purpurascentes. 

Involucrum mediocre ca. 15 mm longum, 10-15 mm latum, basi 
rotundatum, obscure viride. Squamae exteriores adpressae vel laxe 
patentes, parvae, ad 5 mm longae, ad 2,2 mm latae, ovatae acuminatae 
vel lanceolatae, omnes obtusae, saepe rufescentes, immarginatae 
laeves ; squamae interiores late lineares, late membranaceo-marginatae, 
laeves. 

Calathium subradians ad 2,5 cm diametro, luteum; ligulae mar- 
ginales planae extus stria cano- vel fusco-violacea notatae, saepe 
summis subnigrae. Antherae polliniferae; stylus (parte superiore) et 
stigmata obscura, siccis subnigra. Floret aestate. 

Achenium pallide brunneo-stramineum, ca. 4 mm longum superne 
breve spinulosum ceterum laeve, in pyramiden conicam brevam 
subabrupte abiens; rostrum breve, ad 4 mm longum; pappus sordide 
albus, 5 mm longus. 

E sectione Alpinorum Haglund. 


Typus: Bernina-Hospiz, July 1929 v. Soest (h. 1937). 


Furthermore: 


Alp. Maritimes: Mt. Mounier, Sellavieille 2400 m, 1911 St. Yves (LAU). 

Alp. de Savoie: Petit St.. Bernard, 1885 Pellat (h); Lac de Taveneuse 1800 m, 
1903 Briquet (G). 

Walliser Alp.: Distelalp near Saas 2150-2250 m, Plattjen 24-2500 m, Talliboden 
23-2400 m, Almagelltal 2800-2850 m, all 1953 v.S. (h); Ofental 1880 m, 
Chenevard (G). 

Berner Alp.: Bell Alp near Brieg, 1873 Joad (K); Faulhorn 1800 m, Kitzing 
(L); Alp. de Morcles, La Vire-aux-Boeufs 2000 m, 1906 Wilczek (LAU). 

Vierwaldstadter Alp.: Uri, Bamberger (WAG). 

Rhaetische Alp.: Val di Rodo, Duana pass 2700 m, 1892 Volkart (Z); Avers, 
Cucal Nair 2500 m, 1895 v. Tavel (ZT); Val Saluver, 1885 who? (CHUR); 
Weissenstein 2050 m and Albula pass 21-2300 m, both 1948 v.S. (h); 
Schlappin near Klosters 1650 m, 1954 v.S. (h); Roggentalli 21-2200 m, 
1912 Zoya (RUEB); Gredigsaelpli near Arosa 2300 m, 1938 Maillefer (LAU); 
Fluela 2250 m, 1917 and Wuosthorn, both Schibler (Z). 

Bernina: Hospiz, 1930 W. Koch (ZT); Fuorcla Surlej 2665 m, 1897 Knetsch (Z) ; 
Bernina pass 2050-2250 m, 1948 v.S. (h); Lago della Scala 2050 m, 1868 
Briigger (ZT); Lago Bianco 2220 m, 1905 Rubel & Schréter (RUEB); Val 
del Fain, 1899 Hegi (Z); Chalchagn 2900 m, 1907 Riibel (RUEB); Maloja- 
Fuorcla di Lunghino 23-2400 m, 1895 v. Tavel (ZT); Piz Lagalb 2500 m, 
1906 Schréter (ZT). 

Silvretta: Vernelatal 2000-2200 m, Fremdvereina 1950 m, Susertal 2100 m, all 
1954 v.S. (h); Hafentalli 21-2200 m, 1912 Zoya (RUEB) ; Gaschurn, Garnera- 
tal, 1912 Vetter (W). 

Vorarlberg: Fasultal, Konstanzer Hiitte, 1912 Vetter (W). 

Ortler: Martelltal, Konzenlacke 2600 m, 1956 Pohl (h. v.S.). 
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Oetztaler Alp.: Prossental 22-2400 m, 1956 v.S. (h). 

Brenner: Cons and Hiihnerspiel, 1910 Vetter (W); Saxalpenwand 2300-2698 
ms LO322 EIN VW) : 

Zillertaler Alp.: between Kalk- und Rollspitze 2300 m, 1957 Melzer (h). 

Hohe Tauern: Klein Zirknitztal, 1911 Vetter (W); Geiselkopf 1800-1900 m, 
1957 v.S. (h); Magdalenental, 1874 Churchill (K). ; 

Gurktaler Alp.: Zundernwand_ near Radenthein 2000 m, 1950 Schaeftlein; 
Rinseneck 2200 m, 1949 Hopflinger (h. Schaeftlein). 

Tatra: Fiinf Seen, 1917 Schneider (W). 


This species has dark stigmas; the typical form has entire leaves, 
attenuated in a long petiole; it cannot be confused with T. petiolulatum 
(Huter) m, having paler coloured stigmas, narrow petioles and being 
more tender in all its parts. 

Not always the leaves are entire; they can be more or less lobate, 
the endlobe then being fairly polygonal; generally, this form is 
found at other localities than the typical one. 


f. lobatum van Soest f. nov. 


Ab T. helvetici differt: foliis breve vel elongato-lobatis; lobi laterales 
integri vel dorso dentati; lobus terminalis saepe polygonius, obtusus 


vel subobtusus. 
Typus: Silvretta: Vernelatal 2500 m, 20.7.1954 v. Soest (h. 33891). 


Furthermore: 


Alp. Maritimes: Mt. Monnier 2400 m, 1911 St. Yves (LAU). 

Alp. Bergamasques: Val di Scalve 2500 m, 1911 Wilczek (LAU); Val Sérienna 
2100 m, 1913 Chenevard (G). 

Walliser Alp.: Distelalp near Saas 2150-2250 m and Plattjen 24-2500 m, 1953 
Wise (a) £4: 

Berner Alp.: Novaier Thali, Lauenzughorn 2220 m, 1913 Noack (RUEB). 

Churfirsten: Brisigipfel 2280 m, 1914 Vogt (Z); Hinterruck, 1910 E. Miller (Z). 

Glarner Alp.: Weisstannen, Flysch 2200 m, 1942 W. Koch (ZT); Nischenalp, 
1878 Lehmann (ZT). 

St. Gotthard: 1849 who? (ZT). 

Tessiner Alp.: Wandfluhhorn 2600 m, 1903 Bar (Z); Passo Corombe 2320 m, 
Furri (RUEB); Poschiavo, 1880 Pozzi (ZT). 

Rhaetische Alp.: Avers, Gletscherhorn 27-2800 m, 1895 vy. Tavel (ZT); Albula 
pass 2300 m, 1878 Kaeser (Z); Klosters, 1905 Laisi (Z); Parsennfurka 
22-2400 m, 1954 v.S. (h); Kérbshorn 2645 m, 1893 and Wuosthorn, both 
Schibler (Z). 

Bernina: Piz Minor 2900 m and Piz Stretta 2820 m, both 1907 Riibel (ERUB); 
Fuorcla Muragl 2600 m, 1911 Branger (RUEB). 

Silvretta: Vernelatal 2200 m, 1918 Noach (U); in the same valley on several spots 
between 2000 and 2250 m and Siisertal 2100 m, both 1954 v.S. (h) ; Vermonttal, 
1912 Vetter (W); Gaschurm, Garneratal, 1912 Vetter (W). 

Ortler: Martelltal 2350 m, 1956 v.S. (h); Stillfserjoch 2600 m, Dolenz (GZU); 
St. Gertraud, Sulden 2100 m, 1907 Preissmann (W). 

Hohe Tauern: Freiwand near Franz Josefshéhe, 1912 Dolenz (GZU); Geiselkopf 
1900 m and Déssenertal 2100 m, 1957 v.S. (h). 

Niedere Tauern: 1910 Schneider (W). 


4. Taraxacum mattmarkense van Soest nov. spec., Fig. 3. 


Planta parva ca. 6-8 cm alta, inferne araneosa. 
Folia tenera luteo-viridia, superne glabra, inferne glabrescens, 
ad 6 cm longa ad 2,5 cm lata, lobata vel interdum grosse obtuse 
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late dentata; petiolis alatis pallide viridis; lobi laterales utrinque 2-3; 

deltoidei vel late triangulares obtusi integri, interlobiis saepe sub- 

nullis; lobus terminalis deltoideus obtusus vel deltoideo-hastatus 

integer, lobuli basis breves obtusi. i 
Scapi ad 4, parce, sub involucro dense araneosi. 


& 


i? 
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Fig. 3. TT. mattmarkense v. S., type specimen. 


Involucrum mediocre ca. 10 mm longum, ca. 10 mm latum; 
squamae exteriores laxe adpressae vel erecto-patentes lanceolatae 
ad 5 mm longae, ad 2 mm latae, late viride- vel roseolo-marginatae, 
apice obtusae purpureae; interiores late lineares membranaceo- 
marginatae conspicue ciliolatae, apice purpureae; omnes laeves. 

Calathium paulo radians ad 17 mm diametro, clare luteum; 
ligulae marginales angustae subinvolutae estriatae summo aureo- 
purpureae. Antherae polline carentes; stylus et stigmata laete lutea; 
floret aestate. 

Achenium maturum ignotum, pappus niveus. 

E sectione Alpinorum Haglund. 
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Typus: Walliser Alp.: Saastal, near Mattmark 2100 iM, 1o.7 1992 
v. Soest (h. 31090); furthermore in the immediate neighbourhood: 
on the same locality at 2150 m altitude; opposite the Allalin glacier, 
below Nollenhorn 2000-2100 m; Distelalp 915042250 ama, all» 1952 
Nia renege 


Furthermore: 
Berner Alp.: Alpes de Bex, Paneyrossaz 2290 m, Villaret (LAU). 


5. Taraxacum oreophilum Haglund, 1950. Ber. Schweiz. Bot. 
Ges. 607 238,c. 1con. 


This species is only mentioned from Piz Padella 2350 m in the 
Rhaetian Alps, 15.7.1938 W. Koch (S, ZT). It is closely allied to 
T. panalpinumm, but the lobes of the leaves are longer, the flower 
heads larger, the outer involucral bracts acute and not acuminate 
and, especially, the flowers are tubular, enclosing to a very high 
degree the anthers, the styles and the stigmas; the marginal flowers, 
at their outside, are bright purplish. 

I have seen several alpine forms of Taraxacum, having more or less 
tubular flowers, no one, however, being identical with T. oreophilum. 
The achenes have a very short cone, showing that it belongs to sect. 
Alpina; apart from the purplish outside, the flowers are dark yellow; 
confusion with species of sect. Cucullata m is therefore impossible. 


6. Taraxacum panalpinum van Soest nov. spec., Fig. 4. 


Planta mediocris gracilis ca. 6 cm alta, basi fragmentis foliorum 
vetustorum subincrassata. 

Folia ad 8 cm longa numerosa lobata luteo-viridia glabra, nervo 
mediano pallido raro parum rufescente, petiolis brevis pallide viridis 
raro parum roseolo-coloratis subalatis. Lobi laterales deltoidei vel 
saepissime triangulares summo saepe retroverso vel breve falcati 
dorso conspicue vel sub-convexo, interdum | dente parvo rare grosso 
munito, margine inferiore + crispo-plicatulo. Lobus terminalis 
deltoideus vel subhastatus integer, acutus vel subacutus. 

Scapi floriferi foliis aequilongi vel eis breviori, sub involucro 
araneosi vel interdum glabrescentes. 

Involucrum mediocre 1,5 cm longum, 1,5 cm latum crassiusculum 
viride subglaucescens; squamae exteriores laxe adpressae apice 
recurvatae, ovatae vel ovato-lanceolatae saepe acuminatae (extremae 
angustiores), ultra ad 6 mm longae, 3 mm latae, apice obtusae, in 
superiore parte inconspicue marginatae vel immarginatae; squamae 
interiores late membranaceo-marginatae. 

Calathium radians ad 2,5 cm diametro, obscure luteum; ligulae 
marginales planae angustae, extus stria rufo- vel cano-violacea 
notatae, summis saepe obscurae. Antherae vacuae vel paulo pollini- 
ferae; stylus superne sordide luteus, stigmata fusco-virescentia. Floret 
aestate. 

Achenium ca. 4 mm longum (pyramide inclusa) rufo-stramineum, 
superne breviter spinulosum ceterum laeve, in pyramiden conicam 
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0,6 mm longam abrupte abiens. Rostrum breve, ad 6 mm longum; 
pappus albus, 6 mm longus. 
E sectione Alpinorum Haglund. 


Fig. 4. T. panalpinum v.S., type specimen. 


Furthermore: 

Serra da Estréla: Lagoa Comprida, 1881 Ferreira (COI). 

Serra da Lousa: 1883, Henriques (COI), both considered by me as T. alpinum 
s.str. in Agronomia Lusitana 1951. 13.1. 

Sierra Nevada: Prado de Vedegambra 2600 m, 1923 Font-Quer & Gros (BC, 
lay Masa) 

Hautes Pyrenées: Lac d’Oredon 1870 m, 1949; Vallée d’Aussone, Gavarnie 1900m, 
1952; lac d’Aumar 2193 m, 1952, all J. Aylies (h. de Litardiére). 

Hautes Alpes: Galibier, 1877 Pellat (h). 

Mont Blanc: Mer de Glace 2780-2997 m, Venance Payot (G); Allée Blanche, 
1863 Perrier (G); Pointe Ronde, near Martigny 2500 m, 1922 Farquet (ZT). 

Alp. de Savoie: Col de Tanneverge 23-2500 m, 1902 Briquet (G); Col de Pelouse 
2300 m, 1949 A. H. Palm-—Lyesen (U); Hauteluce, 1865 Perrier, exsicc. 
Billot (GZU); Pic de la Vogéalle 2600 m, 1893 Briquet (G); between Aiguille 
de Varens and Téte de Colleney, 1902 Briquet (G). 
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Walliser Alp.; St. Bernard 2450 m, 1910 and 1921; Hospice 1893 and 1923, all 
Wilczek (LAU); Alpes de Fulley, 1877 Burdet (LAU); Vallon de la Toula — 
Col Coudarche 2600 m, 1910 Wilczek (LAU); Zermatt, Riffel 1870 Favrat 
(LAU); 1879 Hooker (K) and 1922 Thellung (Z); Gornergrat, 1907 Rohrer 
(Z) and 1910 Western (K); also 3100 m and Hornli 2850 m, both 1919 
Thellung (Z); Schénhorn 9246 m, 1904 Knetsch (Z); Pas de Forcletta, 
between Val de Zinal and Turtmanntal, 1897 Knetsch (Z); Simplon, Kald- 
wasser (G); Saastal, Distelalp 2150-2250 m, Gletscheralp near Saas-Fée 
23-2400 m and Almagelltal 26-2800 m, all 1952 v.S. (h). 

Berner Alp.: Vallée de ’Etivaz, Laudallaz 1995 m, 1943 Maillefer (LAV) ; Faulhorn, 
1891 Chenevard (G) and also 2618-2683 m, 1841 Martins & Bravais (G); 
also 2672 m, 1921 Blauer (Z); Paneyrossaz 1800 m, 1866 Thomas (K); 
Melchsee — Frutt, Blausee, 1938 Wallimann (ZT); Brienzer Rothorn, 1931 
Blauer (Z); Eigergletscher 2340 m, 1918 Michalski (Z); Gemmipass, S. 
Fries (Z). 

Rea el Alp.: Fellital 2600 m, 1915 Schmid (Z). 

Glarner Alp.: Fridolinshiitte near Tédi, 1902 Thellung (Z); Maderanertal, Alpli 
2400 m, 1915 Schmid (Z). 

Appenzeller Alp.: Santis, Alpsiegel 1640 m, 1918 Koller (Z). 

Tessiner Alp.: Furka, Marschenspitz Bosco, 1903 Bar (Z); Val Onsermone near 
Comologno, 1905 Bar (Z); Passo Corombe 2320 m, Furri (RUEB). 

St. Gotthard: 1849 who? (ZT). 

Rhaetische Alp.: Piz Beverin 21-2400 m, 1869 Briigger (ZT); Albula pass 21-2300 
m, 1948 v.S. (h); Piz Saluver 2800 m, 1904 Candrian (Z); St. Moritzer Alp, 
Imhoof (LAU); Urdenfurkli 2620 m, 1920 Beger (Z); Oberhalbstein, Val 
Curtegns, 1918 Schinz (Z); Strela 2653.m, 1893 Schibler (Z); Strela Alp, 
1924 Givardet (LAU); Val Nuglia 2600 m, 1920 Wilczek (LAU); Ducanpass, 
Sertig-Davos 2671 m, 1893 Schibler (Z); Kérbshorn 2645 m, 1893 Schibler (Z). 

Bernina: Hospiz 2300 m and pass 2050-2250 m, both v.S. (h); Cambrena 2400 m, 
1904 de Litardiére (k); Val Minor 2300 m, 1905 Riibel & Schréter (RUEB); 
Piz Chatscheders — Piz Stretta 2780 m, 1907 Riibel (RUEB); Maloja, 1899 
Hegi (Z); Piz Languard 3000 m, 1953 Duvigneau (h); Lagalbsee 2400 m, 
1905 Braun & Riibel (RUEB). 

Silvretta: Seetal 2000-2050 m, Siisertal 2100 m, Alp Sardasca 1650 m and Vernelatal 
2100 m, all 1954 v.S. (h); Klosters, Hafentalli 21-2200 m, 1917 Zoya (RUEB) ; 
Galtiir, 1927 Schneider (W). 

Lechtaler Alp.: Rufikopf near Lech 2350 m, 1958 Damblon (h. Lambinon). 
Ortler: Martelltal, Zufallhiitte 2200 m, 1900 Dolenz (GZU); in this valley on 
several spots 2000-2350 m, 1956 v.S. (h); Plattkogl, 1876 Stein (G). 
Oetztaler Alp.: Prossental 22-2600 m, 1956 v.S. (h); Sdélden, 1901 Kerner (GZU); 

Samoar Hiitte, 1906 Korb (W). 
Brenner: Rollspitze, north slope 2200 m, 1953 Schaeftlein (h); Hithnerspiel, who? 
‘ (GZU) and 1886, Evers (GZU). 

N. Tiroler Alp.: Hafelekar 2100 m, 1882 Evers (GZU). 

Zillertaler Alp.: Weissenbach 24-2700 m, Treffer (GZU), also 2000-2500 m, 
1880 Treffer (Gr.). 

Sanntaler Alp.: Sanntaler Sattel and Kankersattel, both 1931 Korb (W). 

Hohe Tauern: Windtal near Lenkjéchel, Venediger 2400 m, 1906 Dolenz (GZU); 
Mallnitzer Tauern 2300 m, 1904 Dolenz (GZU). 

Niedere ‘Tauern: Judenburger Alp., Fenzl. (W). 

Totes Geb.: Tragln, Sigital, 1952 Schaeftlein (h). 

Eisenerzer Alp.: Admont, Speckmover (W). 

‘Tatra: Lomnitzerspitze, Lang (W). 

Transsilvanische Alp.: Pareng, 1883 Barth (W). 

Albania: Kom. Kuéi, Iter Mont. 1886 de Szyszytowicz (W); Dibala, Iter Alban. 
Sextum Baldacci 226, 1898 (G, K, W). 


From a taxonomical point of view this species occupies the central 
place in the field of characteristics within the section; it also seems 
to have the largest area and to be the most common of all species 
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of this spection. Still it is impossible to consider it as the true T. 
alpinum as described by Hoppe (as Leontodon) or by Hegetschweiler & 
Heer, as I did in a few earlier studies. 

In Sturm 1821, Deutschlands Flora 5, Leontodon alpinus Hoppe is 
pictured; with the exception of two leaves below it seems to represent 
I. panalpinum; three localities are mentioned in this Flora (Heiligen- 
bluth, Salmhohe, Gamsgrube); these, however, do not appear in 
the list given above. From Heiligenbluth I know: T. kalbfussii, from 
Salmhohe: T. venustum and T. petiolulatum, all collected by Hoppe; 
from Gamsgrube I know material from T. vetteri, collected in 1904 
by Vetter. 

T. panalpinum shows more variability than most other species of 
the section; splitting up this species in smaller groups does not seem 
practical to me. Pollen is present, but some times more or less absent; 
the stigmas are dirty yellow, often greenish yellow; the scapes of the 
flower heads are hairy at the top, but some times glabrous; the leaves 
are yellowish green and have mostly recurved triangular lobes. The 
dark green outer involucral bracts are more or less spreading, often 
with recurved apex. The achenes are typical for the Alpina, having 
a short cone and a short rostrum. 

With ripe achenes no confusion is possible with J. rhaeticum m 
(sect. Vulgaria Dahlst.); this one has a long rostrum, nearly twice 
the length of the achenes; without achenes a decision whether the 
form in study is 7. panalpinum or a small specimen of T. rhaeticum 
is more difficult. The leaves of 7. rhaeticum, however, are greyish to 
grass-green; the involucres are not so dark and the stigmas are more 
pure yellow. 

T. carinthiacum m is allied to T. panalpinum, but the difference in 
shape of the leaves and their lobes makes a decision whether a specimen 
belongs to the one or the other not difficult. 


7. Taraxacum parsennense van Soest nov. spec., Fig. 5. 


Planta mediocris ca. 6-10 cm alta, subglabra. 

Folia subnemorosa gramineo-viridia, petiolis subalatis — alatis 
pallidis vel rufescentis. Folia interiora lobata; lobi laterales utrinque 
2-3, triangulares summo acuto saepe retroverso vel recurvo, integri 
raro | dente muniti, interlobiis ca. 5 mm latis interdum paulo denti- 
culatis; lobus terminalis ad 2,5 cm longus hastatus saepe indeterminato- 
sublobatus vel 1 dente retroverso grosso munitus, subobtusus. 

Scapi floriferi foliis aequilongi, sub involucro subaraneosi. _ 

Involucrum mediocre basi ovatum, atroviride. Squamae exteriores 
laxe patentes apice recurvatae, ovato-lanceolatae ad 7 mm_longae 
immarginatae, saepe purpurascentes. Squamae interiores late lineares, 
12 mm longae. 

Calathium planum radians ca. 3,5 cm diametro, obscure luteum. 
Ligulae marginales planae, extus estriatae vel inconspicue cano- 
striatae, summo -+ nigro. Antherae polliniferae; stylus inferne luteus, 
sordide luteus; stigmata obscure fusco-lutescentia. 
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; ; : . 

Achenium maturum ignotum stramineum, superne (breve?) 
spinulosum, ceterum + laeve, in pyramiden conicam sensim abiens; 
rostrum achenio ad duplo longius?; pappus albus. 
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Fig. 5. T. parsennense v.S., type specimen. 


Typus: Rhaetische Alp.: Parsenn near Klosters, between 1900 and 
2400 sty 21.7 Loe Vv Oeste. 3029). 


Furthermore: 


Glarner Alp.: Maderanertal, Schwarzstéckli, 1915 Schmid (Z). 


Rhaetische Alp.: Dischatal near Davos, 1907 Bar (Z); Schlinigtal 1800 m, 1956, 
Wooo. (da). 


This species, though very probably belonging to section Alpina, 
is related to the Vulgaria Dahlst.: the rostrum seems to be relatively 
long and also the habit shows some resemblance to mountaineous 
species of Vulgaria. Often the leaves of T. parsennense have brownish 


petioles, a characteristic not common in Alpina. The ligules are more 
or less lacking coloured stripes. 
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8. Taraxacum petiolulatum (Huter) van Soest nov. comb.; 
T. officinale var. petiolulatum Huter, in sched. 21.8.1878; T. alpinum 
var. glabrum von Handel—Mazeztti, 1907. Monogr. Tarax.: 94, c. 
icon: V. 10d, non T. glabrum De Candolle, 1838; T. officinale ssp. 
alpinum var. glabrum Hegi 1928. Fl. Mitt. Eur. 6.2: 1092. 


The description given by Huter is very short: “‘foliis aperte petiolu- 
latis, ovatis subintegris, floribus croceis”’; nevertheless it is, if applied 
to the section Alpina Hagl., a nearly sufficient one. According to 
modern principles in the description of Taraxacum species, a more 
complete one is needed, following below. In his monography H.M. 
has published a photographic reproduction of var. glabrum, being, 
according to him, identical with T. glabrum DC. and with T. petiolu- 
latum. T. glabrum DC., however, is a very different species, belonging 
to sect. Glabra Dahlst. and only represented in the arctic region. 
Though from a descriptive point of view the name “petiolulatum”’ 
better had to be changed in “‘petiolatum’’, I do not change it for 
nomenclatoral reason. 

Planta gracilis 7-10 cm alta subglabrescens, collum radicis ara- 
neosum. 

Folia supra glabra subrotundata vel elliptica vel obovata, obtusa 
integra, + dentata vel raro pro parte sublobata, in petiolis pallide 
viridis 1-3(—4) cm longis breve vel sublonge truncata. 

Scapus glabrus. 

Involucrum ca. 11 mm longum. Squamae exteriores laxe adpressae 
parvae sublineares vel pro parte sublatiores ad 3 mm longae obtusae 
immarginatae pallide virides, interiores subobscure virides late 
marginatae, omnes laeves. 

Calathium subradians ad 2 cm diametro, croceum. Ligulae 
marginales planae, extus stria cano-purpurea ornatae; antherae 
polliniferae; stylus et stigmata sordide lutea; floret aestate. 

Achenia matura ignota, pappus niveus. 

E sectione Alpinorum Haglund. 


Typus Huterianus: Pusteria, Sexten (Tirol), brevissime graminos. 
aqua nivali irrigati in Givenglabl, sol. calc., 2300 m, 21.8.1878 Huter 
(W. 1889/5138 4); also in herb. K. 


Furthermore: 

Silvretta: Garneratal, Gaschurn, 1912 Vetter (W). 

Rhaetische Alp.: Schlinigtal 1800 m, 1956 v.S. (h). 

Ortler: Martelltal 2350 m, 1956 v.S. (h). 

Lechtaler Alp.: 2300 m, 1930 Wyatt (K). 

Oetztaler Alp.: Prossental 21-2600 m, 1956 v.S. (h). 

Stubaier Alp.: Gschnitz, see H.M. lc. fig. 10d. 

Brenner: Tierser Alp — Seiser Alpenhaus, 1912 Vetter (W); Steineralpe near 
Matrei 2400 m, 1931 H.M. (W); Matrei, A. Kerner (BR 

Zillertaler Alp.: Tristental 2000-2500 m, 1880 Treffer (GR); in the same valley 
22-2600 m, 1887 and 1888 Treffer (LAU, ZT). 

Defereggen Alp.: Bahlenke, 1929 Schneider (W). 

Gailtaler Alp.: Laserzwand, 1929 Gayer (GZU). 

Hohe Tauern: Feldseekopf 19-2000 m and Geiselkopf 1900 m, 1957 v.S. (h); 
Glockner, 1905 Vierhapper (W); Salmhéhe, Hoppe (L). 
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Karnische Alp.: Upper Valentin 2200 m, 1934 Schaeftlein (h); Pustertal, 1878 
Huter (K). 
Dolomiten: Passo di Pordoi 2200 m, 1955 Keuchenius (U); Schlern 2450 m, 
1954 Melzer (h). 
This species has an eastern alpine area; no locality from Switzerland 
is known, though it reaches the border of this country. 


9. Taraxacum pseudofontanum van Soest nov. spec., Fig. 6: 


Planta mediocris gracilis 5-15 cm alta, basi subglabra. 

Folia lingulata luteo-viridia vel gramineo-viridia, parce, in nervo 
dorsali interdum -+ rufescente conspicue araneosa; petiolis + alatis 
pallide viridis. Folia exteriora dentata; interiora lobata vel lobulato- 
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Fig. 6. T. pseudofontanum v.S., type specimen. 
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dentata, ca. 6 cm longa, ad 1,8 cm lata, subobtusa; lobi laterales 
utrinque ca. 3, breves, triangulares vel lanceolati vel subunguicu- 
lati ++ retroversi denticulati vel dorso 1 dente muniti. 

Scapi 1-4, foliis aequilongi vel eis breviter superantes, sub involucro 
araneosi vel subglabri. 

Involucrum mediocre 15 mm longum, 12-14 mm latum, viride. 
Squamae exteriores apice + recurvatae, lanceolatae ad 8 mm longae 
1,5 mm latae apice elongatae, pallide virides, + anguste albo- vel 
virescenti- marginatae; squamae interiores late lineares apice + pur- 
pureae. 

Calathium subradians vel radians ad 3 cm diametro, saturate 
luteum. Ligulae marginales extus stria cano-purpurea notatae apice 
subnigrae. Antherae polliniferae; stylus et stigmata clare lutea. 
Floret aestate. 

Achenium stramineum 3,5 mm longum (pyramide exclusa) superne 
brevissime spinulosum ceterum laeve, in pyramiden 0,5 mm longam 
inconspicue abiens. Rostrum 5-6 mm longum, pappus 5 mm longus. 

E sectione Alpinorum Haglund. 


Typus: Ocetztaler Alp.: Prossental 21-2200 m, 18.7.1956 v. Soest 
(h. 36731, 36752); in the same valley this species is collected abun- 
dantly up to 2400 m, 1956 v. S. (h). 


Furthermore: 


Walliser Alp.: Almagelltal 26-2800 m, 1952 v.S. (h). 

Glarner Alp.: Widerstein Furkel 18-2000 m, 1910 Roth (Z). 

Rhaetische Alp.: Val Bregalga, Avers 2000 m, 1938; Palpuogna, Albula 1900 m, 
1948, both v.S. (h); Fideris, Glunersee, Fliitsch (CHUR); Schlappin near 
Klosters 1650 m and Parsenhiitte 2200 m, both 1954 v.S. (h). 

Bernina: Berninatal 2050-2250 m, 1948 v.S.(h); Fuorcla Surlej 23-2700 m, 1905 
Riibel (RUEB). 

Silvretta: Hafentall 21-2200 m, 1912 and Vernelatal 2000 m, 1913 Zoya (RUEB); 
Vernelabach near Vereinahaus 1950 m, Vernelatal 2000-2200 m, Alp Sardasco 
1650 m, Siisertal 2100 m, all v.S. (h); Gross Vermunt 2000 m, 1951 Melzer (h). 

Oetztaler Alp.: Prossental 2400 m, 1956 v.S. (h). 

Ortler: Martelltal 2350 m, 1956 v.S. (h). 

Brenner: Gries, 1865 Huter (K). 

Dolomiten: Schlern, Schneider (W); Passo di Pordoi 2300 m, 1955 Keuchenius (U). 

Hohe Tauern: Mallnitzer Tauerntal, below Geiselkopf 1900 m, Dossenertal 
2000 m, and near Déssenersee 2250-2300 m, all 1957 v.S. (h). 


This species is closely related to T. helveticum m; it can easily be 
recognized by its clear yellow stigmas, which are dark grey in 7. 
helveticum. Furthermore, the pale outer involucral bracts, generally 
with recurved apex, are remarkable. In leaf form there is a striking 
resemblance to species of sect. Fontana m, such as T. fontanicolum m, 
having a longer rostrum and dentate leaves, with dents not directed 
backward in general. 


10. Taraxacum saasense van Soest nov. spec., Fig. 7. 


Planta ad 10 cm alta subglabra. I 2 wo 
Folia numerosa conspicue tenera luteo-viridia glabra, petiolis 
subalatis vel alatis pallide viridis; folia exteriora oblanceolata integra 
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vel sublobata; folia interiora lobata; lobi laterales utrinque ca. 3, 
breve deltoidei vel triangulares summo acuminato subobtuso, integr1, 
inferne raro + dentati; interlobiis subnullis 3-10 cm latus raro 
dentatis; lobus terminalis saepe breve deltoideus subobtusus saepe 
apice mucronatus, interdum indeterminato-sublobatus vel dentatus. 


PURE VAR ZOE ANT 


Sa neeesnen: 


Fig. 7. T. saasense v.S., type specimen. 


Scapi 1-2, sub involucro parcissime araneosi vel glabri, basin versus 
parce aranecosi. 

Involucrum subparvum ca. 10 mm latum, 12 mm longum. Squamae 
exteriores laxe adpressae parvae lanceolatae, ad 5 mm longae, pallide 
virides, apice violaceae; squamae interiores obscure virides, late 
lineares membranaceo-marginatae, omnes laeves. 

-Calathium paulo radians ad 2 cm diametro, luteum. Ligulae 
marginales planae extus stria obscure rubro-violacea notatae, summis 
subnigrae. Antherae (parce?) polliniferae; stylus parte inferiore clare 
luteus, superne obscurus; stigmata obscura, siccis subnigra. Floret 
aestate. 
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Achenium dilute brunneum, maturum ignotum, rostrum achenio 
subaequilongium, pappus albus. 
E sectione Alpinorum Haglund. 


Typus: Walliser Alp.: Saas—Fée, above the Gletscher Alp 23-2400 
m, 23.7.1952 v. Soest (h. 31073-4); furthermore in the neighbour- 
hood: Plattjen 24-2500 m, Mattmark 2100-2150 m, both 1952 
v. S. (h); Plattjen, 1919 Arnow (Z). 


Furthermore: 
Alp. Maritimes: Tenda, near Lacum di Fontanalba, 1911 Bicknell & Pollini, 
Fl. Ital. exsicc. II. 1996 Fiori & Béguinot (K, LAU, ZT). 
Alp. de Savoie: Col de Bix, 1903 Briquet (G). 
Walliser Alp.: Simplon, 1865 Bader (G). 
Berne at), Alp. de Bex, Vallée de l’Avangon d’Anzeindaz 2085 m, 1943 Villaret 
This species, belonging to the West-alpine Flora, is easily recognized 
by its thin and yellowish green leaves with very short deltoid lobes; 
the outer involucral bracts are small and pale green, the stigmas are 
dark coloured. 


ll. Taraxacum vereinense van Soest nov. spec., Fig. 8. 


Planta gracilis 7-10 cm alta glabrescens. 

Folia laete gramineo-viridia ca. 10 cm longa (petiolis angustis vel 
subangustis pallide viridis inclusa) profunde lobata; lobi laterales 
utrinque 3-4, angusti, triangulares vel falcati, dorso longe anguste 
dentati, margine inferiore integro, interlobiis dentatis sublongis 
2-3(—5) mm latis; lobus terminalis subacutus, lobuli basis acuti. 

Scapi 1—2 graciles, sub involucro saepe araneosi. 

Involucrum ca. 11’mm longum, 12 mm latum, atro-viride; squamae 
exteriores erecto-patentes apice recurvatae, lanceolatae ca. 7 mm 
longae subacutae vel subobtusae, angustissime albo- vel pallide 
purpureo-marginatae; squamae interiores membranaceo-marginatae. 

Calathium paulo radians ad 17 mm diametro, obscure luteum; 
ligulae marginales planae extus stria cano-purpurea ornatae; antherae 
parce polliniferae; stylus inferne luteus, superne virescenti-luteus; 
stigmata virescenti-lutea; floret aestate. 

Achenium dilute brunneum 3 mm longum (pyramide exclusa) 
superne spinulosum ceterum rugosum—basi laeve, in pyramiden 
conicam 0,5 mm longam subabrupte abiens; rostrum 6-7 mm longum; 
pappus albus, 5 mm longus. 


Typus: Silvretta: Vereinahaus 1950 m, 18.7.1954 v. Soest (h. 33810). 


Furthermore: 
Walliser Alp.: Hannigalp near Saas-Fée 22-2400 m and below Mittaghorn 1800 m, 
both 1952 v.S. (h). 
Rhaetische Alp.: Albula pass 21-2300 m, 1948 v.S. (h); Piz Padella 2200 m, 1910 
Branger (RUEB); Oberhalbstein, Piz Curver 2435 m, Schréter (RUEB). 
Silvretta: Vernelatal 2100 m, 1954 v.S. (h). 
Ortler: Martelltal 2250 m, 1956 v.S. (h). 
Oetztaler Alp.: Prossental 21-2200 m, 1956 v.S. (h). 


98 J. L. VAN SOEST 


T. vereinense has a rather long rostrum, which makes it uncertain 
if this species belongs to sect. Alpina. The habit of the plant, however, 
is alike those of species of this section. On the other hand it seems to 
flower a little bit earlier than the others and also the achenes ripen 
earlier. There is some resemblance to small forms of T. rhaeticum m 
(sect. Vulgaria Dahlst.), but this species lacks pollen and has pure 
yellow stigmas, as well as T. perfissum m. 


Fig. 8. T. vereinense v.S., type specimen. 


12% Taraxacum venustum Dahlstedt 1908. Arkiv f. Bot. 7./: 5, 
non Koidzumi 1933 Bot. Mag. Tokyo: 104; T. officinale b. Kalbfussu 
Schultz—Bip. 1933. Flora 16.2: 605; von Handel—Mazzetti 1907. 
Monogr. Tarax.: 94; T. alpinum var. Kalbfussi Sch.—Bip. in Braun— 
Blanquet & Riibel 1936. Fl. Graubunden: 1476; 7. officinale ssp. 
alpinum var. Kalbfussti Hegi 1928, Fl. Mittel-Europa 6.2: 1092; it 
alpinum var. hyoseridifolia Baer & Hellweger in Herb. norm. Dorfler 
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1899 (no. 4063), non T. hyoseridifolium Arvet—Touvet & Marcou 
d’Aymeric 1892. 

The descriptions given by Baer and Hellweger, and by Schultz— 
Bip.—the latter being clear and accurate—needed addition, given 
by Dahlstedt. The name T. venustum and its description are hidden 
in a short note at the foot of page 5; therefore I used earlier the (older) 
name kalbfussu during the revision in several herbaria. As lectotype 
we have to choose Dérflers exsiccatum from Hiihnerspiel, see below. 


This species is only known from the east alpine region, where it is 
common at an altitude from (1700—)2000—2700 m above sea level. 


Algauer Alp.: Nebelhorn, Bornmiiller (S). 

Rhaetische Alp.: Piz Uertsch 2500 m, Schréter (ZT); Val Maisas 2600 m, 1867 
Favrat (LAU) and 1906 Sulger Buel (Z); Samnaun, 1856 Kratth (Z) and 
1867 Favrat (LAU); Davos, Grosse Schiahorn 2700 m, v. Tavel (ZT); Ducan 
pass, Sertig 2671 m, 1893 Schibler (Z); Fimberjoch, Jaeggi (ZT). 

Bernina: Piz Alv and Val Minor 2300 m, both Riibel & Schréter (RUEB); Piz 
Alv, who? (AMD); Piz Canciano, Pozzi (ZT); Piz Lagalb 2500 m, 1906 
Schroter (271). 

Silvretta: Vernelatal 2000-2250 m, on several spots, 1956 v.S. (h). 

Lechtaler Alp.: Rufikopf near Lech 2350 m, 1958 Damblon (h. Lambinon). 

Ortler: Martelltal 2100-2350 m, on several spots, 1956 v.S. (h); Konzenlacke 
2600 m, 1956 Pohl (h. v.S.); Edelweisshiitte near Trafoi, 1913 Vetter (W); 
St. Gertraud, Suldental 2100 and 2700 m, 1906 Preissmann (W). 

Brenta Alp.: Cima Val Skura 2000-2200 m, 1918 R. Czegka (GZU). 

Stubaier Alp.: Trins and Naturfreundehaus, Padaster, both 1930 Korb (W); 
Padasterjoch, 1910 Schneider (W); Gschnitztal, Churchill (K), for this valley 
see also H.M., Monogr. fig. 10 b; Muttenjoch 2700 m, 1873 (K). 

Brenner: Sterzing, 1912 Glowacki (GZU); Hiihnerspiel near Gossensass 2400-2730 
m, 1899 Bear & Hellweger, exsicc. Dérfler no. 4063 (G, GZU, LAU, O, P, 
RUEB, S, W); Hihnerspiel, 1910 Vetter (W) and 1953 Schaeftlein (h); 
Wolfendorn, 1912 Vetter (W). 

Zillertaler Alp.: Tristen 24-2700 m, Treffer (GZU); Rohrbach, St. Johann 
2000-2400 m, Treffer (W). 

Hohe Tauern: Venedigergruppe, Lenkjéchel 2400 m, 1906 Dolenz (GZU); Umbal, 
Pragraten, 1913 Schneider (W), with a sketch of the achenes!; Knappenhaus, 
1915 Korb (W); Sonnblickgebirge, Wiirthen, 1929 Schneider (W); Fuscher- 
torl, 1931 Schneider (W); Waschgangalpe, Sagritz, exsicc. Schulz-Bip. 74, 
Pacher (K, L. O. S); Salmhéhe, Hoppe (L); Heiligenbluth, Hoppe (K); 
and Hallender 1914 (W); also 2400 m, 1885 Freyn (h. de Litardiére) ; 
Heiligenbluth-Sagritz, Lagger (LAU); Franz Josefshéhe, Pasterze 2330 m, 
1880 Preissmann (W); Kédnitztal 2750 m, 1953 Melzer (h); Goldberggruppe, 
Stellkopf, 1935 Widder (h), Leitertal, 1905 Vierhapper (W); Gross Glockner, 
Kokeil (K); Béseck, Mallnitzer Tauerntal 1700 m and Dossenersee 2250-2300 
m, 1957 v.S. (h); Hagener Hiitte and Greilkopf, 1932 H.M. (W). 

Karnische Alp.: Pustertal 18-2400 m, 1867 Ausserdorffer (K). 

Dachsteingebirge: Adamekhiitte, 1924 Korb (W); Edelgrieshéhe 2200 m, 1941 
Schaeftlein (h). 

Eisenerzer Alp.: Admont, Speckmover (W); Kalbling 1800 m, Iockan (eye 


Probably I saw this species also from Transsilvania, CG. Getz (L). 
Braun—Blanquet & Riibel l.c. have mentioned five localities from the 
Bernina region and one from the other Rhaetian Alps. 


13. Taraxacum vernelense van Soest nov. spec., Fig. 9. 
Planta mediocris 8-9 cm alta subglabra, basi fragmentis foliorum 
vetustorum incrassata. 
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Folia subdecumbentia luteo-viridia vel gramineo-viridia glabra, 
petiolis angustis nervoque mediano pallide viridis, exteriora obovata 
in inferiore parte dentata vel sublobata. Folia interiora 5-6 cm longa, 
lobata; lobi laterales utrinque 2-3 parvi breves triangulares vel 
deltoidei, integri obtusi vel subacuti vel inferiores acut, interlobuis 


Fig. 9. TT. vernelense v.S., type specimen. 


subangustis vel latiusculis integris; lobus terminalis sat magnus saepe 
1/,1/, totae foliae longus, ad 2-3 cm longus + hastatus obtusus 
integer vel raro minute dentatus vel subincisus, lobuli basis paulo 
evoluti. 

Scapi 1-2, sub involucro parce araneosi vel glabrescentes. 

Involucrum mediocre, obscure viride; squamae exteriores laxe 
adpressae apice recurvatae, lineari-lanceolatae 4—6 mm _ longae, 
inferne 1,5 mm, superne 0,5 mm latae, obtusae inconspicue sublate 
pallido-marginatae, brunnescentes laeves. Squamae interiores lineares, 
membranaceo-marginatae laeves. 

Calathium radians ad 3 cm diametro luteum; ligulae marginales -+ 
involutae vel angustae extus stria atro-violacea notatae, summis 
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subnigrae. Antherae polliniferae; stylus et stigmata subobscura; 
floret aestate. 

Achenium ochraceum 3,5 mm longum (pyramide inclusa) superne 
minute spinulosum vel tuberculatum ceterum laeve, in pyramiden 
conicam 0,3 mm longam subsensim abiens; rostrum ad 3 mm longum, 
pappus albus 5 mm longus. 

E sectione Alpinorum Haglund. 


Typus: Silvretta: Vernelatal 2050 m, 18.7.1954 v. Soest (h. 33878— 
80). 


Furthermore: 


Rhaetische Alp.: Parsennhitte near Klosters 2200 m, 1954 v.S. (h). 
Tessiner Alp.: Alpe Motto — Pizzo Scaglie, Val Verzasca 1900 m, 1903 Jaggli (G). 
Bergamasker Alp.: Monte Legnone — Lagho Delegnaccio 2190 m, 1911 I. Braun 


Brenner: Vennatal, 1926 Vetter (W). 
Hohe Tauern: Déssenersee 2250-2300 m, 1957, v.S. (h). 


In its leaf form this species is alike T. cucullatum Dahlst., but the 
whole plant is smaller and the flower heads are deep yellow; i 
cucullatum often grows in mowing fields in the alpine region, 
vernelense on the other hand prefers humid, short grassy slopes. ‘The 
achenes of T. vernelense are characteristic for the section Alpina. 


14. Taraxacum vetteri van Soest nov. spec., Fig. 10. 


Planta mediocris ad 12 cm alta subglabra. 

Folia luteo-viridia, ad 9 cm longa, petiolis pallide viridis vel 
subroseolis anguste alatis inclusa; lobi laterales utrinque 3-4, breves 
deltoidei vel lingulati vel triangulares, + breve dentati vel denticulati, 
summis saepe retroversi interdum erecto-patentes, interlobiis saepe 
grosse dentatis; lobus terminalis deltoideus vel deltoideo-hastatus 
subacutus, lobuli basis acuminati acuti. 

Scapi sub involucro paulo araneosi. 

Involucrum basi ovatum obscurum, siccis nigrum. Squamae 
exteriores laxe patentes ovato-lanceolatae ad 7 mm longae, 3 mm 
latae, angustissime marginatae, interdum ciliolatae; interiores 13-14 
mm longae. 

Calathium 1,5-2 cm diametro, paulo radians. Ligulae luteae, 
marginales involutae, extus roseolo- vel purpureo- vel pro parte 
e-striatae; styli lutei, stigmata + sordide lutea, antherae vacuae. 
Floret aestate (augusto). 

Achenium maturum ignotum stramineum  superne sub(?)spi- 
nulosum; rostrum breve, pappus albus. 

E sectione Alpinorum Haglund. 


Typus: Gailtaler Alp.: Laserztorl, Lienzer Unholden, 14.8.1922 
Vetter (W. 1950/1867); also in the neighbourhood: Kerschbaumer 
Torl, 1922 Vetter (W). 
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Furthermore: 

Alp. de Savoie: Col de Salvadon 2200 m, 1898; Dent du Midi 25-2700 m, 1918; 
Val d’Illiez 2500 m, 1905; Grenairon — Col du Genivrier, 1898, all Briquet (G). 

Mont Blanc: Buet, Col de l’Echaud, 1886 Jaccard (LAU). 

Walliser Alp.: Col de Torrens 28-2900 m, 1919 Gandoger (RUEB). 

Berner Alp.: Grand Muveran 28-2900 m, 1879 Burdet (LAU); Vallée de l’Etivaz, 
Thoumaley 2000 m, 1942 Maillefer (LAU); Dent de Morcles, 1907 Wilczek 
(LAU); Vallée de ’Avangon d’Anzeindaz, on several spots; Lagriaz 2060 m, 
Téte de Filasses 2130 m and 2145 m, Tortay 2300 m and 2340 m, all 1942 
and 1943 Villaret (LAU); La Vire-aux-Boeufs 2350 m, 1947 Villaret (LAU); 
Gemmi, 1882 Chenevard (G); Lavaraz sur Bex, Thomas (W). 


Fig. 10. T. vetteri v.S., type specimen. 


Tessiner Alp.: Mt. Arera 2500 m ; 
_ a ait Serene , 1911 Chenevard (G); Passo Corombe 2460 m, 
arner Alp.: Calanda 2150 m and 2550 m, 1941 and 1943 Biiel 5 

Rhaetische Alp.: Piz Padella 2300 m, 1910 Branger (Z); Avers, Ciucienes 
27-2800 m, 1895 v. Tavel (ZT); Albula pass 21-2300 m, 1948 v.S. (h); Val 
‘Tavrii towards Val Foraz, 1918 Schréter (ZT); Calanda 2700 m 1917 
Braun—Blanquet & Schréter, exsicc. Fl. Rhaet. 97 (G, LAU, RUEB 7 Lala) 
Kupferfluh near Davos 2500 m, 1900 and Schiahorn 24-5002 m, 1910 both 
Schibler (Z); Mindersscharte near Pfunds, 1931 H.M. (W). : 
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Bernina: Piz Languard 3000 m, 1953 Duvigneaud (h); Genistobel, Salzfluh 
2600 m; Val Agoni (verisim.) and Piz Alv 27-2800 m, all Schroter CAO 

Arlberg: 1908 Schneider (W). 

Lechtaler Alp.: Valluga 1500 m, 1955 Melzer (h). 

Amadello Gruppe: Campiglii, Valle Rendena 2560 m, 1874 Churchill (K). 

Brenner: Wolfendorn, 1912 Vetter (W) ' 

Zillertaler Alp.: Rohrbach, St. Johann 2000-2400 m, Treffer (W). 

Salzburger Kalkalp.: Porsaule, Hochkénig, 1915 Vetter (W). 

Hohe ‘Tauern: Gamsgrube, 1904 Vetter (W); Gauskarl, Leitertal, 1937 Franz (W). 

Gailtaler Alp.: Hochstadel, 1929 Schneider (W). 

Totes Geb.: Hinterstoder, Priel, 1884 Kerner (GZU); Grosser Priel 1900 m and 
2000-2100 m, 1923 Baumgartner (W). 

Julische Alp.: Rogica near Kriz 2300 m, 1893 Dolenz (GZU). 


This species is characterized by its yellowish stigmas and, especially, 
by its conspicuous dark involucres; pollen is absent; the lobes of the 
leaves are short, broad and dentate. It is very characteristic in the 
East Alps, but towards the West the sharp characteristics seem to 
fade away; some times the involucres are less dark, the outer involucral 
bracts some times narrower and more or less spreading; often pollen is 
present there, though mostly (or always?) sterile; the lobes of the leaves 
are less crispate and a little bit more hairy. 

Most of the material that I have seen lack ripe achenes; this makes 
it difficult to decide if all these fluctuations really refer to T. vetteri. 
In western Switzerland the whole question becomes still more difficult, 
because also 7. carinthiacum—so characteristic in the eastern Alps— 
there occurs in smaller forms, resembling to T. vetteri. In this region a 
further study is needed in which especially achenes are necessary. 


SEcTIO FONTANA VAN SOEST 


Plantae sat magnae et robustae raro graciles. Folia elongata 
integra vel sublobata vel interdum conspicue lobata; lobi laterales 
saepe retroversi; petiolis saepe late vel latissime alatis, purpureis 
vel saepe pallidis. Involucra viridia interdum glaucescentia; squamae 
exteriores vulgo adpressae, ovatae vel ovato-lanceolatae, saepe late 
marginatae, omnes laeves. Ligulae croceae vel saturate luteae. Floret 
aestate. Achenia straminea vel pallide brunnea, 3,5-5 mm longa 
(pyramide subbreve inclusa); rostra ca. 8 mm longa, pappus albus. 

On humid and marshy spots and near wells in the upper subalpine 
and in the alpine region of high mountains: (1600—) 1800-2400 m in 
Europe; from Corse through the Alpine chain into the mountains of 
south-eastern Europe. 


The characteristic species of the section show nearly entire leaves 
with alate petioles, appressed, ovate and marginated outer involucral 
bracts and a long rostrum. 7. fontanum H.M., in its broad sense, is 
more or less identical to the whole section; in its restricted sense, as 
used below, it represents the typical species for the section. 

Some species show a remarkable resemblance to species of northern 
Europe, belonging to the sections Spectabilia Dahlst. and Boreigena 
Dahlst. The Spectabilia, however, are perfectly characterized by 
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large achene 
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may have only a superficial resemblance to the Fontana. 


10. 


ie 


. Flowers nearly orange-coloured, without or wi 


KEY TO THE SPECIES OF Sect. FONTANA 


. Stigmas pure yellow 


Stigmas dirty yellow, greenish or blackish a ers 
Leaves grass-green with reddish petioles; pollen absent 
Te ed. a ll. amen ARR emo Rye vca a 
Leaves yellow- or grass-green with green, pale or brownish 
petioles; pollen present or not Sp eben bE tee OL 
Leaves grass-green; outer bracts of the involucre ovate, dark, 
appressed or erect; pollen absent . 8. T. pseudoboreigenum 
Leaves yellow-green; outer bracts of the involucre more or 
less lanceolate; pollen present . . . . «Il. T. crocellum 
Remark: compare also T. pseudofontanum in sect. Alpina. 
Petioles of the leaves purple, seldom palish; outer bracts of 
the involucre with indistinct broad margine or only in 
T. corsicum with narrow margine. . ....- +++: > 
Petioles pale or brownish, median nerve sometimes brownish ; 
outer bracts of the involucre ovate to lanceolate, without 
or with narrow but distinct margine ae ate aE 
Pollen absent; outer bracts of the involucre with narrow but 


distinct margine . . ...... +. + 3. T. corsicum 
Pollen present; outer bracts of the involucre with broad but 
indistinct margine . . . ear . 1. T. fontanum 


Marginal flowers. lacking stripes or with weak and partly 
indistinct stripes, or ‘with clear purple stripes 3 
Marginal flowers with distinct grey-violet stripes . es is 
ith indistinct 
or purple stripes; leaves lobate, lobes 1,5-2 cm long; 
young leaves + hairy ...... . 2. T. auraniellum 
Flowers dark yellow, without or with weak greyish stripes; 
young leaves nearly glabrous . ph Re DY a aaa 
Leaves entire or to coarse dentate; dents to 7 mm long. . 
As Ley a, Mea GR ee Pe ee 6. T. peralatum 
Leaves lobate, lobes 1-2 cm long . 5. -‘T. fontanosquameum 


. Leaves to coarse and long dentate with broad middle field 


Jai, cae eee EL oh eee . 4. T. fontanicolum 
Leaves distinctly lobate- quay. «0 see tne ter eee 
Outer bracts of the involucre more or less appressed; petioles 
and median nerves pale 27 ue... 00. 10S J; ccesnong, 
Outer bracts of the involucre distinctly recurved to reflexed; 
petioles and median nerves brownish, in dried condition to 
Durplishe brown. © s &7 .eeg ec... eee mee eed aEpOnIT 


s; the Boreigena, closely allied to the Vulgaria Dahlst., 
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Taraxacum fontanum von Handel-Mazzetti 1907. Monogr. 
Taraxacum: 100, c. icon:;, emend. yy. .ocst. 
The description, given by H.M., is broader and looser than it 

seems useful for a homogeneous species within Taraxacum; as far as 
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I know, no type specimen has been indicated by him; I will use the 
name “‘fontanum”’ with limitations in leaf form and completing the 
description with a few other data: : 

Folia lingulata denticulata vel anguste unguiculato-et retroverso- 
dentata, raro sublobata; lobi laterales angusti acuti; petiolis subalatis 
purpureis interdum subpallidis. 

Scapus sub involucro glabrus vel parce araneoso-pilosus; squamae 
involucris exteriores + adpressae ovatae, late inconspicue pallide 
marginatae; ligulae marginales extus parce vel e-striatae; antherae 
polliniferae; stylus et stigmata virescenti-lutea. 


T. stlvicolum m, likewise with purple petioles, has pure yellow stigmas. 
T. corsicum as well as T. stlvicolum lack pollen and the leaves have a 
different shape. All the other species of this section have pale, whitish 
or brownish petioles; often the outer involucral bracts of these species 
are narrower and have no margine or only a narrow (but often 
distinct) one. 

T. fontanum is indigeneous in the central and eastern Alps; H. M. 
has mentioned 7. fontanum (sens. lat.!) from the Apennines, the 
Balcan Peninsula, the Caucasus and the Near East, regions, which 
I believe do not belong to the area of T. fontanum sens. str., even 
partly not to that of the section. 


2. Taraxacum aurantellum van Soest nov. spec., Fig. 11. 


Planta robusta ad 20 cm alta. 

Folia suberecta gramineo-viridia, juniores subdense araneoso- 
pilosa denique glabrescens, nervo mediano pallido vel roseolo-colorato, 
petiolis subnullis vel late alatis pallide viridis vel + roseolis; folia 
3-4 cm lata, lingulata ad 20 cm longa, acute et anguste retroverso- 
vel recurvo- vel patento-dentata, interiora saepe pro parte vel omnia 
lobata; lobi laterales utrinque ca. 3, triangulares saepe valde retroversi 
dorso saepe dentato, in interlobiis (ad 2 cm) latis dentatis abeuntes; 
lobus terminalis hastato-sagittatus acutus, interdum grosse dentatus 
vel sublobatus. 

Scapi sub involucro subaraneosi. 

Involucrum crassiusculum ca. 16 mm longum, ad 2 cm latum, 
obscure viride. Squamae exteriores laxe adpressae—erecto-patentes, 
apice recurvatae (denique reflexae) ovatae vel ovato-lanceolatae 
superne acuminatae summo obtuso purpureo, anguste marginatae 
apice minute ciliolatae; squamae interiores late lineares, inferne ad 
5 mm latae, late membranaceo-marginatae, apice purpurascentes. 

Calathium subradians ad 3 cm diametro, croceum; ligulae margi- 
nales angustae extus stria rubro-purpurea vel cano-purpurea + notatae, 
apice obscurae; antherae parce polliniferae; stylus et stigmata 
virescenti-lutea; floret aestate. | 

Achenium rufo- vel obscure stramineum 4 mm longum pyramide 
inclusa) superne acute spinulosum ceterum rugosum—bhasi sublaeve, 
in pyramiden conicam 0,3 mm longam abrupte abiens; rostrum 
ca. 8 mm longum; pappus albus, 6 mm longus. 

E sectione Fontanorum v. Soest. 
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Fig. 11. ‘T. aurantellum v.S., type specimen. 


Typus: Oetztaler Alp.: Matschertal 1600-1650 m, 9.7.1956 v. Soest 
(h 36693-4, 36697, 36702, 36705, 36712, 367224). 


Furthermore: 
Hohe Tauern: Mallnitzer Tauerntal 1800 m, below Ebeneck, 1957 v.S. (h). 


This species seems to be closely allied to 7. fontanosquameum m, the 
latter having, in stead of orange-coloured, saturated yellow flowers 
and much shorter endlobes of the leaves. 
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J. stylosa v. Soest f. nov.: Ligulae marginales breves, stylosae: 
Oetztaler Alp.: Matschertal, 9.7.1956 v. Soest (h. 36866). 


3. Taraxacum corsicum van Soest nov. spec., Fig. 12. 


Planta robusta ca. 20 cm alta. 

Folia numerosa ad 10 cm longa terrae adpressa, laete gramineo- 
viridia subglabra, nervo mediano pallido, petiolis + roseolis alatis 
vel pro parte anguste vel sub-alatis; folia exteriora obovata + acute 
patento-vel retroverso-dentata, interiora incisa_ vel lobata; Jobi 


Fig. 12. T. corsicum v.S., type specimen. 


laterales utrinque ad 3, triangulares subbreves, dorso interdum 
dentatis, margine inferiore integro, interlobiis inconspiculs vel latis; 
lobus terminalis magnus indeterminatus obtusus, subincisus vel 
+ deltoideo-dentatus vel integer; lobuli basis breves acuti.. 

Scapi ad 3, foliis subaequilongi vel eis superantes, sub involucro 


paulo araneosi. 
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Involucrum crassiusculum 16 mm longum, 14 mm latum, obscure 
viride. Squamae exteriores laxe adpressae ovatae ad 4 mm latae, 
ad 10 mm longae, + acuminatae, anguste albo- vel roseolo-mar- 
ginatae, laeves; squamae interiores late lineares membranaceo- 
marginatae. 

Calathium planum radians ad 4 cm diametro, luteum; ligulae 
marginales planae, extus stria cano-violacea notatae, summis sub- 
nigrae; antherae vacuae; stylus sordide luteus; stigmata obscura 
siccis nigra; floret aestate. 

Achenium 5 mm longum (pyramide inclusa), ochraceum, superne 
spinulosum ceterum rugosum—basi laeve, in pyramiden conicam 
0,8 mm longam subsensim abiens; rostrum 7 mm longum; pappus 
albus, 5 mm longus. 

E sectione Fontanorum v. Soest. 


Typus: Corsica: Monte Niello, couloirs a l’Ubac, silice 2000 m, 
16.7.1913 Wilczek (LAU); furthermore on the same mountain: 
Bergeries de Porciolelli 1950 m, 1913 Wilczek (LAU). 


4, Taraxacum fontanicolum van Soest nov. spec., Fig. 13. 


Planta mediocris 5-16 cm alta, glabra vel parcissime araneosa. 

Folia subdecumbentia luteo-viridia, exteriora lanceolata dentata, 
interiora et media lanceolata pro max. parte acute + retroverso- 
dentata vel denticulata vel inconspicue lobata, lobis subintegris 
acutis summo retroverso, petiolis anguste vel saepe sublate alatis 
+ viridis vel nervoque mediano praesertim parte inferiore + rufo- 
colorato. 

Scapi 1-2, foliis breviter superantes vel aequilongi. 

Involucrum 17 mm longum ovatum obscurum  glaucescens. 
Squamae exteriores laxe patentes, apice recurvatae, lanceolatae vel 
ovato-lanceolatae 7-8 mm longae, 2—2,5 mm latae, inconspicue vel 
immarginatae, interiores lineares. 

Calathium saturate luteum ad 3 cm diametro, radians; ligulae 
marginales extus stria + atro-violacea ornatae; antherae polliniferae 
vel polline carentes; stylus et stigmata virescentia; floret aestate. 

Achenium (speciminis non typici!) brunneum 3,7 mm longum 
(pyramide inclusa) ad 0,8 latum superne spinulosum ceterum rugosum, 
in pyramiden conicam 0,4 mm longam spinulis saepe praeditam 
subsensim abiens; rostrum 7 mm longum; pappus albus 5 mm longus. 

E sectione Fontanorum v. Soest. 


Typus: Rhaetische Alp.: Albula, Palpuogna, locus paludosus 1900 m, 
31.7.1948 v. Soest (h. 19172, 19178, 19180-1, 19185, 19190). In the 
neighbourhood: Albula pass 21-2300 m, Val Mulix near Naz 1780 m, 
Val Tisch near Bergiin above the Alp 1850-2100 m, all 1948 v. S. (h). 


Furthermore: 


Bernina: pass 2050-2250 m, 1948 v.S. (h); Lago Nero 2220 m, 1905 B & 
Riibel (RUEB). 5 ‘ ene 
Rhaetische Alp.: Corviglia 2400 m, 1957 Melzer (h); Buffalora-Ofenberg, 1901 

Brunies (Z); Val Cluoza, 1909 Schréter (ZT). 
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Fig. 13. T. fontanicolum v.S., type specimen. 


Vorarlberg: Rautz 1650 m, 1903 Preissmann (W). 
Ortler: Martelltal 21-2300 m, 1956 v.S. (h). 


Brenner: Vennatal, 1926 Vetter (W). 
Hohe Tauern: Pragraten, 1923 Vetter (W); Geiselkopf 1900 m and Hochalmblick 


near Mallnitz 2000 m, 1957 v.S. (h); Katschtal, Stern 2300 m and Franz 
Josefshéhe, Pasterze, 1934 Widder (h). 

Dolomiten: Passo di Pordoi 2200 m, 1955 Keuchenius (U). 

Karnische Alp.: Leitental 16-1800 m, 1955 Schaeftlein (h). 


Tatra: Gr. Kohlbachtal, 1917 Schneider (W). 
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T. fontanicolum differs from T. fontanum s. str. by its broader-winged 
and pale petioles and, especially, by its recurved, narrower and often 
dark outer involucral bracts. 7. fontanicolum has distinct dark stripes 
on the outside of the marginal flowers, as opposed to T. peralatum m, 
the latter having generally still broader wings of the petioles. 7. 
fontanicolum has a slight resemblance to T. helveticum m (sect. Alpina) ; 
they differ in the character of the achenes and the outer involucral 
bracts; the achenes of 7. fontanicolum are more spinulate and their 
beak is indistinctly delimitated, as contrasted with T. helveticum. 
T. fontanicolum has longer outer involucral bracts: 7-8 mm in stead 
of 5 mm; those of 7. helveticum are acuminate with an obtuse apex; 
T. helveticum, smaller in size, has darker coloured styles and stigmas 
and darker, not greyish coloured involucres. 


5. Taraxacum fontanosquameum yan Soest mov. spec., 
Pigs 1a. 


Planta robusta ca. 10-25 cm alta, subglabra. 

Folia numerosa decumbentia laete viridia subtus pilis solitarius 
obsita, lanceolata vel oblanceolata valde grosse dentata vel lobata; 
lobi laterales utrinque ca. 3, pro max. parte triangulares acuminati 
summo retroverso, inferiores lanceolati peracuti vel, in foliis inte- 
rioribus, triangulares dorso dentato; lobus terminalis deltoideo- 
sagittatus saepe grosse dentatus subobtusus + plicatus; petiolis late 
alatis viridis. 

Scapi crassi foliis subaequilongi vel eis superantes, glabri. 

Involucrum 15 mm.longum crassiusculum basi ovatum; squamae 
exteriores adpressae vel laxé*patentes ca. 9 mm longae, 4 mm latae 
ovatae acuminatae conspicue albido-marginatae, interiores late 
lineares. 

Calathium + croceum 2,5-3 cm diametro, paulo radians. Ligulae 
marginales extus stria pallide violacea notatae vel saepe estriatae; 
antherae interdum polline carentes; stylus et stigmata virescenti- 
lutea. Floret aestate. 

Achenium stramineum ca. 1,2 mm latum, 4 mm longum (pyramide 
inclusa), superne spinulosum ceterum rugosum—basi laeve, in 
pyramiden 0,6 mm longam late conicam apice pallidam sensim abiens; 
rostrum 9 mm longum; pappus albus, 6 mm longus. 

E sectione Fontanorum v. Soest. 


Typus: Bernina, pass 2050-2250 m, 18.7.1948 v. Soest (h. 19359). 


Furthermore: 


Rhaetische Alp.: Albula, Palpuogna 1900 m, Albula pass 21—2300 d Wei - 
ee Seine ay a SHR} yee ((a))S “sie At RG Pac 2000 m, 1893 
Schroéter ; Gotschnagrat near Klosters 2300 d | 
Laret 1800 m, both 1954 v.S. (h). pia te ae 

Silvretta: Vernelatal 2000 m, Fremdvereina 1950 m, Seetal 2000— 

1954 v.S. (h); Vermunttal, 1912 Vetter (W). aie phe Po: 

Hohe Tauern: Mallnitzer Tauerntal 1800 m, 1957 v.S. (h). 


This species is allied to T. peralatum m, differing from it especially 
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Fig. 14. T. fontanosquameum v.S., type specimen. 


by its leaf form. Together with 7. peralatum and T. aurantellum, it is 
characterized by the absence (or nearby absence) of stripes at the 
outside of the marginal flowers. Whilst 7. aurantellum is more or less 
purplish-pink coloured here, giving, together with the dark yellow 
of the flowers, an impression of orange colour to the flowerheads, 
the flowers of T. fontanosquameum are only more or less saturated yellow. 
The leaves of JT. aurantellum often are more divided, the endlobes 
are longer and, in the youth, they are more hairy. 


6. Taraxacum peralatum van Soest nov. spec., Fig. 15. 


Planta mediocris 12-25 cm alta, + epilosa. 

Folia 10-20 cm longa gramineo-viridia, exteriora oblanccolata vel 
obovata ad 3 cm lata obtusa vel subacuta integra vel denticulata, 
petiolis subnullis; folia media et interiora oblanceolata ad 4 cm lata 
obtusa vel subacuta retroverso-dentata, saepius etiam denticulata vel 
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Fig. 15. ‘T. peralatum y.S., type specimen. 


raro sublobata, lobi laterales reflexae vel unguiculatae ad 10 cm 
longi, interlobiis latis (15 mm), nervo mediano pallido vel rufescenti. 
Scapi 1-2, foliis aequilongi vel eis breviter superantes, sub in- 
volucro araneosi vel glabri, superne bracteolis praedito. 
Involucrum 13-15 mm longum ovatum, obscure viride vel interdum 
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purpurascente; squamae exteriores + adpressae vel patentes apice 
recurvatae, ovatae longe acuminatae, conspicue anguste albido- vel 
purpureo-marginatae, interiores ad medium attingentes, extremae pro 
parte lanceolatae; squamae interiores lineari-lanceolatae. 

Calathium paulo radians 2,5-3 cm diametro; ligulae marginales 
extus stria parce colorata notatae vel estriatae; antherae polline 
carentes vel repletae; stylus et stigmata obscura; floret aestate. 

Achenium (speciminis non typici!) brunneo-stramineum  sub- 
cylindricum 5 mm longum (pyramide inclusa) ad 0,8 mm latum, 
superne breviter spinulosum ceterum sublaeve, in pyramiden conico- 
cylindricam 1 mm longam abrupte abiens. Rostrum 8 mm longum; 
pappus albus, 6 mm longus. 

E sectione Fontanorum vy. Soest, habitum speciorum sectionis 
Boreigeniae Dahlstedt imitans. 


Typus: Rhaetische Alp.: Cuolm da Latsch, near Bergiin 2100 m, 
12271946 J C..van.soest,(h.v. S 19165); 


Furthermore: 


Rhaetische Alp.: Preda, Albula 1850 m and Palpuogna, in damp places, both 
1948 v.S2(h). 
Bernina: pass, 2050-2250 m, 1948 v.S. (h). 


In the eastern Carpathians: Howerla Czorns Hora, 1888 Woloszc- 
zak (W), plants have been collected similar to 7. peralatum, however 
with normal radiate flower heads and with yellowish green stigmas. 


7. Taraxacum pohlii') van Soest nov. spec., Fig. 16. 


Planta robusta 10-13 cm alta. 

Folia gramineo-viridia ca. 10 cm longa, petiolo late alato inclusa, 
parce, sed in nervo mediano sordide rubescente densiuscule araneosa, 
sublobata vel lobata; lobi laterales utrinque 2-3, deltoidei vel trian- 
gulares breves acuti dorso interdum | dente muniti vel paulo denticul- 
ati, in interlobiis ca. 1 cm latis abeuntibus; lobus terminalis in- 
determinatus subdentatus subacutus. 

Scapi saepe singuli, araneosi, sub involucro dense araneosi. 

Involucrum 13 mm longum ad 2,5 cm latum crassum; squamae 
exteriores reflexo-patentes vel reflexae lanceolatae ad 10 mm longae 
pallide virides saepe purpurascentes laeves, interiores late lineares 
apice obscure virides. 

Calathium planum radians ad 4 cm diametro, saturate luteum; 
ligulae marginales planae extus stria cano-violacea notatae; antherae 
polliniferae; stylus et stigmata subobscura. Floret aestate. Achenium 
maturum ignotum. 

E sectione Fontanorum v. Soest. 


1) In remembrance of Dr. L. M. Pout, Schlanders, excellent connoiseur of 
the Obervintschgau region; with greatest hospitality he guided and advised an 
excursion of the staff of the State Herbarium (Leiden) with students of the Leiden 
University to South Tirol (1956); a few days later he died during an alpine trip. 
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Fig. 16. T. pohlii v.S., type specimen. 


Typus: Ortler: Martelltal 2350 m, 21.7.1956 v. Soest (h. 36804, 
36884) ; in the same valley at 2300 m altitude, 1956 v. S. (h). 


2 


With regard to the flower heads this species is reminescent of the 
Vulgaria Dahlst.; other characteristics, such as the leaf form, show a 
close relationship to the Fontana m. The median nerve of the leaves 
is brown; after disappearance of the chlorophyll in some way or 
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Fig. 17. T. pseudoboreigenum v.S., type specimen. 


another, a deep purple is left. 7. pohlii reminds one somewhat to 
northern species, belonging to sect. Boreigena Dahlst. 


8. Taraxacum pseudoboreigenum van Socst nov. spec., 


Fig. 17. 


Planta magna robusta 40 cm alta, araneosa-hirsutula. 
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Folia luteo-viridia ad 20 cm longa ad 4 cm lata late lingulata 
integra minute retroverso-dentata vel saepe denticulata, subtus 
conspicue reticulato-venosa, nervo mediano lato araneoso basin versus 
rufo-purpureo, petiolis nullis vel latissime alatis. Shim, 

Scapi crassi foliis superantes, sub involucro araneoso-pilosi. 

Involucrum 20 mm longum crassiusculum basi ovatum subatratum ; 
squamae exteriores ovatae 4 mm latae, 11 mm longae, anguste albo- 
marginatae erecto-patentes denique apice recurvatae. 

Calathium obscure luteum radians, ad 4 cm diametro; ligulae 
marginales extus stria fusco-violacea ornatae; antherae polline 
carentes; stigmata et stylus aurea; floret aestate. 

Achenium maturum ignotum, pappus albus. 

E sectione Fontanorum v. Soest, habitum speciorum sectionis 
Boreigeniae Dahlstedt imitans. 


Typus: Rhaetische Alp.: Albula, between Palpuogna and Preda, 
in silvis 1800-1900 m, 13.7.1948 v. Soest (h. 19168). 


T. pseudoboreigenum is allied to T. silvicolum m, the latter being 
more slender and having purple petioles. 


9. Taraxacum silvicolum van Soest nov. spec., Fig. 18. 


Planta robusta 13-18 cm alta, basi subglabra. 

Folia erecta obscure viridia subaraneoso-pilosa, exteriora anguste 
spathulata saepe + dentata, interiora oblanceolata retroverso- 
dentata vel lobata; lobi laterales utrinque ca. 2, triangulares acuminati 
dorso integro vel | dente munito; lobus terminalis ovatus subinteger 
obtusus vel subacutus vel subhastatus vel replete hastato-sagittatus; 
petiolis alatis nervoque mediano rubro-colorato. 

Scapi erecti, foliis aequilongi, sub involucro dense araneosi, ceterum 
subaraneosi. 

Involucrum 15-16 mm longum subobscure viride saepe purpu- 
rascens; squamae exteriores patentes apice recurvatae, 8 mm longae 
ovato-lanceolatae, acuminatae, late albo- vel roseolo-marginatae. 

Calathium subradians ad 2,5 cm diametro; ligulae saturate luteae 
vel subcroceae, marginales extus stria fusco-violacea ornatae; antherae 
polline carentes; stylus et stigmata laete lutea; floret aestate. 

Achenium olivaceo-stramineum ca. 6 mm longum (pyramide 
inclusa) ad 1 mm latum, superne acute spinulosum ceterum rugosum 
—hasi laeve, in pyramiden conicam 0,8 mm longam subsensim abiens; 
rostrum 8 mm longum; pappus albus, 8 mm longus. 

E sectione Fontanorum v. Soest. 


Typus: Rhaetische Alp.: Val Tisch near Bergiin 1800 m, 8.7.1948 
Veeooest (h. 19164)4 


Furthermore: 


Berner Alp.: ‘Tour d’Anzeindaz, 1943 Villaret (LAU). 
Rhaetische Alp.: Sagliaz. towards Val Tisch near Bergiin 1800 m, Preda-Palpuogna, 
eee ae pass 21-2300 m, all 1948 v.S. (h); Schlinigtal 1800 m, 
V.9. ; 
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Fig. 18. TT. silvicolum v.S., type specimen. 


The purple petioles are an easy characteristic in order to distinguish 
this species from most others of sect. Fontana; the difference with 
T. fontanum, with the same characteristic, is mentioned above. dé 
silvicolum, furthermore, is characterized by pure yellow stigmas as in 
T. pseudoboreigenum, the latter having green or slightly brownish 


petioles. 


10. Taraxacum aestivum van Soest nov. spec., Fig. 19. 


Planta gracilis ad 20 cm alta inferne glabra, basi fragmentis 
foliorum vetustorum subincrassata. 

Folia numerosa luteo- vel gramineo-viridia, glabra, nervo mediano 
pallido petiolis subalatis pallide viridis. Folia exteriora lingulata 
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Fig. 19. T. aestivum v.S., type specimen. 


saepe grosse dentata, interiora lobata; lobi laterales triangulares 
ca. 1 cm longi dorso denticulato, interlobiis ca. 7 mm latis denticulatis 
vel minute dentatis, lobus terminalis deltoideus vel hastatus vel 
hastato-sagittatus saepe integer, lobulo apicali subacuti vel subobtusi, 
lobuli basis acuti. 

Scapi foliis aequilongi vel breviter superantes, sub involucro 
subaraneosi. 
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Involucrum mediocre 12 mm longum, 14 mm latum, viride 
pruinosum; squamae exteriores laxe adpressae vel subpatentes, ovato- 
lanceolatae immarginatae apice pallidae. 

Calathium planum radians ad 2,5 cm diametro; ligulae luteae, 
marginales extus stria fusco-violacea notatae; antherae parce pollini- 
ferae; stylus et stigmata virescenti-lutea; floret aestate. 

Achenium maturum ignotum, luteo-brunneum, superne minute(?) 
spinulosum; pappus albus. 


Typus: Bernina: Alp Languard, in silvis 1950 m, 25.7.1933 v. Soest 
(h. 4603). 


Furthermore: 


Bernina: Piz Languard 2400 m, 1933; Chaputschéll, 1929 and Bernina pass 
2050-2250 m, 1948, all v.S. (h); Lago Bianco, 1930 W. Koch (ZT). 
Rhaetische Alp.: Albula, near Weissenstein 2050 m, 1948 v.S. (h); Dischmatal 

near Davos, 1899 Hegi (Z). 
Stubaier Alp.: Gschnitztal, Alpe Lapones 18-1900 m, 1903 H.M. (W). 
Ortler: Martelltal 21-2300 m, 1956 v.S. (h). 


1l. Taraxacum crocellum yan Soest nov. spec., Fig. 20. 


Planta gracilis 10-20 cm alta glabra. 

Folia luteo-viridia tenera lanceolata vel oblanceolata dentata vel 
lobata; lobi laterales utrinque ca. 2, breves saepe anguste deltoidei 
vel anguste triangulares summo retroverso acuti dorso interdum 
dentato, interlobiis latis; lobus terminalis indeterminatus vel hastato- 
sagittatus integer apice subobtusus vel subacutus; petiolis pallide 
viridis interdum paulo subalatis. 

Scapi foliis superantes. 

Involucrum mediocre 12 mm longum 12 mm latum, basi sub- 
truncatum viride subpruinosum purpurascens; squamae exteriores 
laxe adpressae lanceolatae vel ovato-lanceolatae 7 mm longae ca. 
2,5 mm latae, pallide inconspicue marginatae, interiores lineares 
membranaceo-marginatae. 

Calathium planum radians ad 2,5 cm diametro + croceum; 
ligulae marginales extus stria cano-violacea notatae; antherae 
polliniferae; stylus et stigmata laete lutea; floret aestate. 

Achenium stramineum, maturum ignotum; pappus albus. 


Typus: Silvretta: Vernelatal 2150 m, 18.7.1954 v. Soest (h. 33698, 
33799, 33800, 33802). 


Furthermore: 
Silvretta: Vernelatal 2050 and 2250 m, Siisertal 2100 m, Vereinahaus 1950 m and 


Seetal 2000 m, all 1954 v.S. (h). 
Oetztaler Alp.: Matschertal 1650 m, 1956 v.S. (h). 


T. crocellum probably belongs to the Fontana; it seems closely allied 
to T. aestivum m, the latter having more yellow flowers, no pure 
yellow stigmas and a greyish involucre. T. crocellum is reminescent 
of the Alpina; as soon as ripe achenes are to my disposal I better shall 
be able to decide whether it belongs to Fontana or Alpina. ‘There 1s 
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Fig. 20. T. crocellum v.S., type specimen. 


some resemblance to T. petiolulatum Huter (sect. Alpina), but the 
involucres are different; furthermore, 7. crocellum has more dentate 
leaves, a narrower apex of the leaves and pure yellow stigmas. 


SECTIO CUCULLATA VAN SOEST 


Plantae subglabrae vel paulo araneosae. Petioli foliarum pallidi 
vel leviter colorati. Involucra obscure virescentes, squamae exteriores 
+ adpressae, erecto-patentes vel + recurvatae. Ligulae pallide 
ochraceo-luteae, marginales + involutae, tubulosae vel stylosae, 
extus stria roseo-purpurea notatae vel + decoloratae. Achenia 
olivacea ca. 4 mm longa (pyramide inclusa) superne tenuiter spinulosa, 
rostrum longum, ca. 7-8 mm; pappus albus. 


Plants of the whole chain of the Alps at 1700-2400 m altitude, 


also in Corse. 
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This section is allied to both the Alpina Hagl. and the Fontana m; 
the involucres show relationship to the first section, the achenes 
to the second one. This section, however, is no intermediate group 
between both; the pale ochraceous colour and the peculiar form of 
the ligulas are remarkable. In the genus Taraxacum the colour of 
the flowers has a rather wide amplitude: white (for instance in T. 
leucanthemum Ledebour), pale yellow (for instance in sect. Erythro- 
sperma Dahlst. em. Lb. f in majority), saturate yellow (sect. Vulgaria 
Dahlst. for instance) to orange-red or “‘croceus” (certain Fontana) 
or “‘aurantiacus (J. aurantiacum Dahlst.); even pink and purplish in 
central Asian forms (7. roseum H. M., T. porpyranthum Boissier). ‘The 
ochraceous colour, nearly the colour of straw, 1s only characteristic 
in sect. Cucullata, of which T. cucullatum Dahlst. represents the type 
species. 


1. Taraxacum cucullatum Dahlstedt 1907. Acta Horti Bergiani 
4.2: 25, c. icon.; T. stramineum Beauverd 1929. Bull. Soc. Bot. Genéve: 
138, pro parte?. I have seen the type specimen in h. S.: cultivated in 
Bergianske Tradgarden, Stockholm, 3.8.1901 from achenes collected 
in Salzburg. 


This species is not rare in the Alps. I refer to Bonnier 1930/1933, 
Flore de France: 6; Hegi 1928, Flora Mitt. Europa 6.2: 1093; von 
Handel—Mazzetti 1923. Oesterr. Bot. Zt. 72: 269; Becherer 1956. 
Ber. Schweiz. Bot. Ges. 66: 192 and 1958. 68: 238. Certainly it is 
not only a species of the western region, as suggested by Hegi; from 
the central and eastern region I have seen: 


Churfirsten: Breitenalp — Selamatt 16-1700 m, 1914 Vogt (Z). 

Vierwaldstadter Alp.: Gletsch 2000 m, 1920 Christ (ZT). 

Rhaetische Alp.: Avers-Cresta 1960 m and Thali, both 1938 v.S. (h); Val Tisch 
near Bergiin 1850-2100 m, 1948 v.S. (h); Alp Casanna, Ober-Sass 2030 m, 
1913 Noack (RUEB). 

Oetztaler Alp.: Vent-Ramoljoch 2500 m, who? (AMD). 

Sarntaler Alp.: Jauffen, 1910 Schneider (W). 

Hohe Tauern: Waschgangalpe, Leiter, Radenalpe near Sagritz, 1851 Pacher, 
exsicc. Schultz—Bip. Cichor., pro parte (W); Mallnitz, 1929 Schneider (W); 
Mallnitzer Tauerntal 1850 m, 1957 v.S. (h). 

Niedere Tauern: Radstadter Tauern, 1897 Kann (GZU); Radeckalpe, Ankogl 
1700 m, 1913 Fritsch (GZU); Lungau, Zaunersee 2050 m, 1926 H.M. (W). 

Schneeberg (Nied. Oesterr.): Dambéckhaus 1800 m, 1957 Melzer (h). 


9. Taraxacum tiroliense Dahlstedt 1907, Acta Horti Bergiani 
4.2: 23, c. icon.; T. alpinum var. ochroleuca-tubulosa Hellweger in sched. 


1891 and in Dérflers Katalog 1902: 180. 


This species only is known from the eastern Alpine region: I saw: 


Bernina: Piz Lagalb 2550 m, 1933 v.S. (h). 

Rhaetische Alp.: Liinersee near Bludenz, 1911 Vetter (W). 

Oetztaler Alp.: Vent, Neurautner (GZU); Tésens 2500 m, 1926 H.M. (W). . 

Sonnenwend Geb.: Sonnenwendjoch 2226 m, 1891 Hellweger (S, W), Hellweger’s 
type material; also near Ienbach 2100 m, 1903 Hellweger (RUEB). 

Zillertaler Alp.: Varnatal, 1926 Vetter (W); Weissenbach 2000-2400 m, 1890 
and 1897 Treffer (GZU, LAU, O, §), mentioned by Dahlstedt; Luttach 
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2000-2400 m, 1897 and 1898 Treffer (G, GZU, LAU); the type specimen 
inh.S.! is acultivated plant in Bergianske Tradgarden, Stockholm 1906 Dahls., 
from achenes from Luttach; Voldertal 1850 and 2000-2100 m, [ELIMI (We 
Gailtaler Alp.: Laserzwand, 1928 Gayer (GZU). 
Deferegger Alp.: 26-2700 m, 1934 H.M. (W); Lienz, Kiihbodental 1770 m, 
10325 Evin (WV) = 
Hohe Tauern: Béseck, Tauerntal 1600 m, 1957 Viola v. Soest (h. Wace) 
Karnische Alp.: Obstansersee near Kartitsch 2330 m and Leitental, Fillmoor 
16-1800 m, both Schaeftlein (h). 


3. Taraxacum fontaniforme van Soest nov. spec., Fig. 21. 


Planta mediocris 12 cm alta, tota glabra. 

Folia 6 cm longa (petiolis subnullis alatis inclusa) luteo-viridia 
lanceolata vel ovato-lanceolata acuta, retroverso-denticulata. 

Involucrum viride, obscure punctatum. Squamae exteriores laxe 
patentes apice + recurvatae, ovato-lanceolatae acuminatae ad 7 mm 
longae, late albido- vel purpureo-marginatae apice roseolae; squamae 
interiores late membranaceo-marginatae, 14 mm longae apice rubro- 
violaceae. 

Calathium mediocre flavum; ligulae marginales pro max. parte 
involutae, extus vinoso-coloratae, apice obscure purpureae. Styli 
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Fig. 21. ‘T. fontaniforme v.S., type specimen. 
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inferne lutei, superne purpurei; stigmata obscure purpurea, siccis 
subnigra; antherae vacuae. Floret aestate. Achenium maturum 
1gnotum. 

E sectione Cucullatorum vy. Soest. 


Typus: Bernina: Piz Languard 2550 m, 25.7.1933 v. Soest (h. 4601). 


The leaves of this species are reminiscent of those of T. fontanum 
H.M., but 7. fontaniforme can be recognized by the pale yellow, 
not straw-coloured flowers. It has beautiful purple stigmas and even 
the upper part of the styles is light reddish purple; I never saw this 
colour of stigmas and styles elsewhere in this genus. 


4. Taraxacum cucullatiforme vy. Soest 1957. Acta Botan. 
Neerl. 6: 417, c. icon. 


This species, only known from Corse: Monte Renoso and Monte 
Rotundo, is also collected: Monte d’Oro 18-2100 m, herb. Salis- 
Mraschlins (ZT). 


SecT1io RHODOCARPA VAN SOEST 


1. Taraxacum schroeterianum vy. Handel-Mazzetti 1905. 
Oesterr. Bot. Zt. 55: 461; Monogr. Tarax. 1907: 104, c. icon.; Oest. 
Bot. Zt. 1922. 77: 270; Braun—Blanquet & Riibel, Fl. Graubunden, 
1936: 1417; v. Soest 1954. Collectanea Bot. #./: 16; and 1954. 
Vegetatio 5/6: 527. 

T. rhodocarpum Dahlst. 1907, Acta Horti Bergiani 4.2: 21. 

T. officinale ssp. Schroeterianum Schinz & Keller, Fl. der Schweiz. 

T. laevigatum ssp. Schroeterianum Hegi 1928. Fl. Mitteleur. 6.2: 1094. 


The area of this species is: Spain (Sierra de Guadarrama) and the 
alpine chain from the Alpes Maritimes to eastern Switzerland; 
T. schroeterianum is not known from the Pyrenees. Localities, not 
mentioned in the literature, are listed below. 


Walliser Alp.: Grand St. Bernard 2450 m, 1921 Wilczek (LAU); Alpe Breuillet 
2300 m, 1910 Wilczek (LAU) ; Mattmark, Saastal 2100-2350 m, 1937 Maillefer 
(LAU); Saas-Fée — Saas Almagell 1800 m, Almagelltal 21-2200 m, Distelalp 
9150-2250 m, Talliboden 23-2400 m, all 1952 v.S. (h); Col de la Gueula 
1960 m, 1917 Moreillon (LAU). 

Vierwaldstadter Alp.: Géschenen 1100 m, 1906 A. S. Peax (Gray herb.) ; 
Surenenpass 15-1800 m, 1866 Briigger (ZT). 

Tessiner Alp.: Valle Mesocco, Valle Leggia, 1917 Guralser (RUEB). 

Rhaetische Alp.: Albula pass 21-2300 m, Weissenstein 2050 m, Palpuogna 1900 m, 
all 1948 v.S. (h); Lampertschalp and Zervreila, Vals, Willer (CHUR); 
Parsenn Hiitte 2200 m, slope of Lauenenzughorn 1320 m, Schlappintal near 
Klosters 1650 m, Landquart valley below Alp Pardenn 1320 m, all 1954 
Veo. (hi). 

Bernina: ae 2300 m, pass 2050-2250 m, both v.S. (h); Flatz valley near 
Pontresina 1850 m, 1933 v.S. (h); south slope of Piz Lagalb, 1944 W. Koch 
ZT). 

eos Alp Sardasca 1640-1650 m, Alp Fremdvereina, Jorital 1950 m, both 
1954 v.S. (h). 
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9. Taraxacum rufocarpum van Socst nov. spec. 


Planta mediocris vel robusta, ca. 10-15 cm alta, subglabra (scapl 
sub involucro interdum et folia subtus paulo araneosi), basi frag- 
mentis foliorum vetustorum subincrassata. 

Folia numerosa suberecta ad 13 cm longa, ad 3 cm lata, gramineo- 
viridia, lobata; lobi laterales utrinque ad 4, hamati vel deltoidei vel 
triangulares, subacuti + crispati, dorso integro vel saepe mags 
dentato, margine inferiore saepe valde concavo integro, summo 
saepe retroverso, in interlobiis brevis vel subnullis ad 5 mm latis 
interdum magis dentatis -- abeuntibus; lobus terminalis hastatus 
vel -+ deltoideus, ad 2 cm longus, ad 3 cm latus, vel interdum elongatus 
subobtusus, integer vel utrinque | dente grosso munitus, lobuli basis 
retroversi subacuti; petiolis alatis (5-10 mm latis) nervoque mediano 
pallido vel subrufescente. Folia exteriora saepe = lingulata sublobata 
vel grosse dentata. 

Scapi 1-3, floriferi foliis aequilongi vel eis breviter superantes. 

Involucrum crassiusculum ca. 15(-18) mm longum, ad 14 mm 
latum, saepe obscure viride. Squamae exteriores apice recurvatae 
oblanceolatae*ad 7 mm longae 3 mm latae obtusae parum roseo- 
violaceae, inconspicue marginatae, laeves; interiores apice violaceae, 
late membranaceo-marginatae, laeves. 

Calathium 2,5-4 cm diametro, luteum. Ligulae marginales planae, 
extus stria purpurea notatae. Antherae saepe parce polliniferae ; 
stylus luteus, stigmata fusco-lutea. Floret aestate. 

Achenium 4 mm longum (pyramide inclusa) rufum vel aurantiacum, 
superne spinulosum*(spinulis erectis) ceterum rugosum—basi laeve, 
in pyramiden conicam ca.°0,5 mm longam spinulis interdum praedi- 
tam subsensim abiens. Rostrum 5 mm longum; pappus niveus, 
4—5 mm longus. 


Typus: Hohe Tauern: Hochalmblick below Schénbretterspitze 
2000. m, 25.7:1957 ve Soest (h137978-c0, 37962). 


Furthermore: 


Alp. bene 1887 Favrat (ZT); possibly: Mt. Mounier 2750 m, 1904 St. Yves 
(LAU). 

Alp. de Savoie: Pointe de Finive 24-2500 m, 1917; Mt. Buet, Fer-a-Cheval 
2300 m, 1904; Col de Barbérine 2400 m, 1904, all Briquet (G). 

Walliser Alp.: Rappental 2300 m, 1915 Burnat & al. (LAU). 

Berner Alp.: Col du Rawil, Iffigenalp, 1906 Wilczek (LAU). 

Churfirsten: Kaserruck 2150 m, 1941 W. Koch (ZT). 

Rhaetische Alp.: Oberengadin, Laret 2080 m, 1930 W. Koch (ZT); Parsennhiitte 
near Klosters 2200 m, 1954 and Schlinigtal 1800 m, 1956 v.S. (h). 

Bernina: Forno, 1898 Schinz & Hegi (Z); Cacciabella pass, Bergell 2700 m, 
Rikli (ZT). 

Stubaier Alp.: Magdalenertal, Muttenjoch 2700 m, 1872 Churchill (K). 

Eisenerzer Alp.: Hochschwab 2000 m, 1953 Rechinger (W). 

Hohe Tauern: Mallnitzer Tauerntal, below Geiselkopf 1900-2000 m, below 
Ebeneck and below Mallnitzer Tauern 1900 m, Déssenersee 2250-2300 m, 
Franz Josefshoéhe 2420 m, all 1957 v.S. (h); Kals 1900 m, 1931 H.M. (W):; 
Waschgangalpe, Pacher in Schultz Bip. exs. 74, pro min. parte (K). 

Dolomiten: Durmalp, Fassatal or St. Pellegrino in Fiemme, Facchini, exs. Rchb. 
1958 (L. W); the same exsicc. contains 7. panalpinum m.; it is difficult to 
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decide which of both localities belongs to T. rufocarpum; both species extend 
their area as far as the western Balcans. 
Hercegovina: Trinaue, PleSa pl., 1911 Schneider (W). 


It is still uncertain to which section T. rufocarpum belongs. The 
rostrum is too short to consider it as one of the Fontana; the outer 
involucral bracts show little relation with those of species of the 
Alpina; in other characters T. rufocarpum shows affinity to the latter 
section. It differs from T. schroeterianum in colour of the achenes, 
the shape of the outer involucral bracts, the green, slightly winged 
petioles. 


SECTIO VULGARIA DAHLSTEDT 


In the subalpine region a few species of sect. Vulgaria seem to be 
really native; some of these are described below. They constitute 
more or less a transition between the characteristic Vulgaria of the 
European plains and the Fontana and Alpina. 

Though, from a morphological point of view, it is not easy to make 
a distinct difference between this subalpine group and the charac- 
teristic Vulgaria, their behaviour seems to be different. The last ones 
are mostly introduced in the higher regions along roads, even up to 
high altitude. Both groups do not bloom until June or July. The 
introduced forms, however, show an excessive or abnormal growth 
(“status aestivalis’’); the native, subalpine forms behave completely 
normal. In cultivation (in my garden, Delft) the latter bloom nearly 
a month later than the Vulgaria of the European plains. 


1. Taraxacum aequilobiforme van Soest nov. spec., Fig. 22. 


Planta sat robusta ea. 15 cm alta. 

Folia numerosa multilobata luteo-viridia, parce, in nervo dorsali 
densiuscule araneosa, petiolis subalatis pallidis. Lobi laterales utrinque 
5-8, falcati vel anguste triangulares acuti, dorso saepe valde convexo 
integro vel raro dentato, margine inferiore integer, angulis loborum 
plicatis; interlobiis longiusculis (ad 10 mm longis), ad 5 mm latis, 
saepe dentatis vel pergrosse dentatis; lobus terminalis sagittatus, 
lobuli basis acuti integri, lobulo apicali elongato subacuto. 

Scapi foliis aequilongi vel eis breviter superantes, sub involucro 
densiuscule araneosi. 

Involucrum ca. 15 mm longum, ca. 18 mm latum, basi rotundatum. 
Squamae exteriores ovatae vel ovato-lanceolatae ca. 10 mm longae 
obscure virides subglaucescentes, laxe adpressae apice recurvatae, 
subconspicue vel pro parte inconspicue marginatae, ciliolatae; 
squamae interiores late lineares membranaceo-marginatae. 

Calathium paulo radians 2,5-3 cm diametro, obscure luteum. 
ligulae marginales angustae evittatae vel paulo roseolae. Antherae 
(saepe parce) polliniferae; stylus et stigmata laete lutea. Floret 
aestate (in regione alpina!). 

Achenium stramineum 4 mm longum (pyramide inclusa) superne 
spinulosum ceterum rugosum—basi laeve, in pyramiden conico- 
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Fig. 22. T. aequilobiforme v.S., type specimen. 


cylindricam ad 0,7 mm longam (spinulis saepe praeditam) abrupte 
abiens. Rostrum ca. 8 mm longum; pappus albus ca. 5 mm longus. 
E sectione Vulgariorum Dahlstedt. 


Typus: Walliser Alp.: Saas-Fée, northwest slope of Mittaghorn 
2000 m, 16.7.1952 v. Soest (h. 31113-8); furthermore in the same 
region: Kalbermatten 1900 m, Fée—kessel 18-2000 m and towards 
Almagelltal 1800 m, all 1952 v. S. (h). 
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2. Taraxacum callosum van Soest nov. spec., Fig. 23. 


Planta sat humilis 4-11 cm alta, basi fragmentis foliorum sub- 
incrassata, 

Folia decumbentia gramineo-viridia ad 10 cm longa, parce araneosa; 
lobi laterales utrinque 3-4, triangulares retroversi vel -- deltoidei 
vel saepe breve et late unguiculati subacuti, dorso denticulato vel 
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Fig. 23. T. callosum v.S., type specimen. 
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integro raro subgrosse dentato, interlobiis sublatiusculis ca. 2-3 mm 
latis saepe curvato- vel recto-dentatis vel denticulatis, interdum 
grosse, rarissime sublobato-dentatis; lobus terminalis subhastatus 
vel + deltoideus vel subsagittatus, raro 1 dente munitus, lobuli basis 
acuti retroversi; petiolis brevis, 1-3 cm longis, subangustis vel sub- 
alatis, pallidis. 

Scapi breves, sub involucro parce araneosi. 

Involucrum mediocre ca. 1 cm latum, 1 cm longum, glauco-viride. 
Squamae exteriores laxe adpressae lanceolatae ad 5 mm longae, 
immarginatae; squamae interiores late lineares membranaceo- 
marginatae apice conspicue callosae. 

Calathium planum radians, ad 3 cm diametro, dilute luteum. 
Ligulae marginales planae extus stria subpallide cano-purpurea 
notatae, apice interdum nigrescentes. Antherae polliniferae; styli 
lutei, stigmata sordide lutea. Floret aestate. 

Achenium fulvo-stramineum parvum 3 mm longum (pyramide 
inclusa) superne spinulosum ceterum rugosum—hbasi laeve, in pyra- 
miden brevam conicam 0,25 mm longam (spinulis saepe praeditam) 
inconspicue abiens. Rostrum ca. 5 mm longum; pappus albus, 4 mm 
longus. 

E sectione Vulgariorum Dahlstedt. 


Typus: Walliser Alp.: Saas—Fée, Fée—kessel 1800-2000 m, 7.7.1952 
v. Soest (h. 31025-8) ; furthermore in the same valley: below Plattjen 
29-2300 m, the achenes from this locality being used for the description ; 
West slope of Mittaghorn 2100 m, 1952 v. S. (h). 


3. Taraxacum complicatum van Soest nov. spec. 


Planta sat humilis ad 10 cm alta, subgrosse araneoso-pilosa. 

Folia numerosa -+- decumbentia gramineo-viridia lobata petiolis 
nervoque mediano pallido; lobi laterales breves parvi falcati vel 
anguste triangulares saepe grosse dentati, acuti vel subacuti, inter- 
lobiis magis dentatis et denticulatis, angulis loborum saepe plicatulis 
interdum fusco-marginatis; lobus terminalis brevus sagittatus vel 
deltoideus subacutus, lobuli basis evoluti saepe dorso 1 dente munito. 

Scapi pauci, foliis subaequilongi. 

Involucrum (in formis alpinis minor) mediocre 12 mm longum, 
ad 14 mm latum crassiusculum, obscure viride. Squamae laeves, 
exteriores laxe adpressae ovatae 7 mm longae 4,5 mm latae pallide 
vel viride-marginatae ciliolatae; squamae interiores late lineares 
membranaceo-marginatae. 

Calathium planum radians ad 3 cm diametro luteum, ligulae 
marginales planae extus stria cano-violacea notatae; antherae pollini- 
ferae, stylus luteus, stigmata livescentia; floret aestate. 

Achenium (speciminis non typici) stramineum 4 mm longum 
(pyramide exclusa) superne spinulosum ceterum laeve, in pyramiden 
subcylindricam 0,7 mm longam abrupte abiens. Rostrum 6-7 mm 
longum, pappus albus 5 mm longus. 
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Typus: Rhaetische Alp.: Schlinigtal, near the Alp 1800 m, 12.7.1956 
v. Soest (h. 36862; also 36861). 

Furthermore: 

Alp. de Savoie: Rochers d’Entre, 1920 Briquet (G). 

Berner Alp.: Alpes de Bex, vallée de ’Avangon d’Anzeindaz, Le Dru 1895 m and 
Tortay 2340 m, 1943 Villaret (LAU). 

Walliser Alp.: Almagelltal 24-2600 m, 1952 v.S. (h). 

Bernina: Fextal, Marmoré 2100 m, 1923 Schibler (Z). 

T. complicatum, especially in smaller forms growing at high altitudes, 
resembles species of sect. Alpina Hagl.; the outer bracts of the rather 
dark involucre are short indeed, but the achenes and their long 
rostrum show that this species belongs to sect. Vulgaria Dahlst. 


4, Taraxacum perfissum van Soest nov. spec., Fig. 24. 


Planta mediocris 5-12 (—30) cm alta. 

Folia numerosa decumbentia gramineo-viridia, inferne parce, in 
nervo dorsali densiuscule araneosa, petiolis angustis nervoque mediano 
pallido vel sordide rufescente. Folia exteriora oblanceolata + lobata 
obtusa vel subobtusa; folia interiora ad 20 cm longa (petiolo inclusa) 
lingulata fissa; lobi laterales (ad 3 cm longi) lineares vel anguste 
triangulares erecto-vel + reflexo-patentes vel falcati, acutissimi, paulo 
et saepe longe dentati, in interlobiis 1—1,5 cm longis valde longe 
subulato-dentatis (denti ad 1 cm longi) inconspicue abeuntibus; 
lobus terminalis sagittatus vel hastatus vel subtrilobatus acutus 
1,5-2 cm longus, inferne ca. 2,5 cm latus, lobuli basis saepe lineares 
integri, lobulo apicali interdum dentato. 

Scapi breves araneoso-pilosi. 

Involucrum ad 15 mm longum, ad 20 mm latum. Squamae exteri- 
ores reflexo- vel erecto-patentes lanceolatae saepe elongatae ad 9 mm 
longae, subobscure virides, parum pruinosae apice + purpurascentes, 
interdum inconspicue purpureo-marginatae, ciliolatae. Squamae 
interiores late lineares, inferne late membranaceo-marginatae. 

Calathium ad 3 cm diametro, obscure luteum. Ligulae marginales 
planae extus stria cano-purpurea notatae. Antherae + vacuae; 
stylus luteus, stigmata sordide lutea. Floret aestate. _ 

Achenium 4 mm longum (pyramide inclusa) stramineum, superne 
squamuloso-spinulosum ceterum rugosum—basi laeve, in pyramiden 
conicam 0,6 mm longam abrupte abiens. Rostrum 9 mm longum; 
pappus ++ sordide albus, 6 mm longus. 

E sectione Vulgariorum Dahlstedt. 


Typus: Silvretta: Alp Sardasca 1650 m, 22.7.1954 v. Soest (h. 
33658); in the immediate neighbourhood furthermore: Vernelatal 
2000-2200 m, Siisertal 2100 m, Vereinahaus 1950 m, Fremdvereina 
1950 m, below Alp Sardasca 1550 m, all 1954 v. S. (h). 


Furthermore: ne i sais 
Rhaetische Alp.: Dischmatal near Davos, 1899 Hegi (Z) ; Laret near Davos m, 
maa Coe iboden 17-1800 m, both 1954 v.S. (h); Schlinigtal 1700-1750 m, 
1956 v.S. (h). 
Ortler: Martelltal 21-2300 m, 1956 v.S. (h). 
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Fig. 24. T. perfissum v.S., type specimen. 


5. Taraxacum praeticum van Soest nov. spec., Fig. 25. 


Planta 25 cm alta inferne glabra. 

Folia suberecta gramineo-viridia nervo mediano subaraneosa, 
petiolis roseo-purpureis dentibus filiformis munitis, pro parte sub- 
alatis. Folia interiora ad 20 cm longa (petiolo inclusa), lobata; lobi 
laterales utrinque 3-4, falcati acutissimi e basi lati, patentes vel 
erecto-patentes, dorso saepe longe dentati vel denticulati, -- abeuntes 
in interlobiis latiusculis (5-10 mm) et longis; lobus terminalis magnus 
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Fig. 25. T. praeticum v.S., type specimen. 


ad 4 cm longus, 1,5-2,5 cm latus subacutus saepe sublobatus vel 
paulo patente dentatus, longe hastatus vel + ovatus vel ovato- 
triangularis vel subsagittatus; lobuli basis falcati dorso saepe magis 
dentati vel pseudo-fissi. Folia exteriores oblongo-lanceolata subintegra, 
dentata vel sublobata. 

Scapi colorati sub involucro subdense araneosi. 

Involucrum mediocre 17 mm longum, angustum (ca. 12 mm latum) 
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obscure viride. Squamae exteriores reflexo-patentes denique retro- 
flexae, lanceolatae ca. 9 mm longae, immarginatae vel pro parte 
inconspicue purpureo-marginatae; squamae interiores late lineares 
membranaceo-marginatae, omnes + purpureae. 

Calathium planum radians ad 3 cm diametro + croceum. Ligulae 
marginales extus stria obscure purpurea ornatae. Antherae pollini- 
ferae; stylus et stigmata sordide lutea siccis subnigra. Floret aestate. 

Achenium parvum 2,7 mm longum (pyramide exclusa) superne 
spinulosum ceterum rugosum—basi laeve, in pyramiden 0,4 mm 
longam subabrupte abiens. Rostrum 9 mm longum; pappus niveus 
5 mm longus. 

E sectione Vulgariorum Dahlstedt. 


Typus: Rhaetische Alp.: Klosters, below Pardenn 1320 m, 14.7.1954 
V. OOEst (lis05030—/ 


Furthermore: 


Berner Alp.: Alpes de Bex, La Varraz 1800 m, 1942 Maillefer (LAU). 

Rhaetische Alp.: Klosters 1300 m, Ménchalptal 1450 m, Riiti 1450 m and below 
Gotschna 1750 m, all 1954 v.S. (h). 

Silvretta: between Monbiel and Vereina 1300 m, Sardascatal 1300 m and Vereina- 
haus 1950 m, all 1954 v.S. (h). 

Hohe Tauern: Granatspitzgruppe, Muntanitz 2450 m, 1952 Wendelberger (h. 
Melzer). 


6. Taraxacum reophilum van Soest nov. spec., Fig. 26. 


Planta gracilis ca. 15-30 cm alta, valde glabrescens. 

Folia suberecta luteo-viridia-vel paulo canescentia, petiolis pallidis 
anguste alatis; folia interiora ca. 20 cm longa, lobata; lobi laterales 
utrinque 4-5 ,lanceolati vel anguste triangulares acuti erecto- vel 
reflexo-patentes integri vel dorso rarissime denticulati vel dentati, 
angulis loborum superiorum plicatis; interlobiis longis (ad 3 cm) 
latiusculis (0,5-1 cm) raro integris interdum denticulatis, saepe longe 
patento-dentatis vel lobulis lanceolatis ad 8 mm longis munitis; 
lobus terminalis + sagittatus, lobuli basis retroflexi vel saepissime 
patentes, acuti, lobulo apicali elongato saepe subobtuso, omnes 
integri vel parce denticulati. 

Scapi floriferi foliis aequilongi vel eis breviter superantes, sub 
involucro araneosi vel glabrescentes. 

Involucrum 1,5 cm longum, 1,5 cm latum, basi rotundatum, 
subobscure viride glaucescens. Squamae exteriores laxe adpressae 
ovatae vel ovato-lanceolatae, ad 6 mm longae, ad 3 mm latae, 
acuminatae summo obtuso, apice parum marginatae; squamae 
interiores late lineares membranaceo-marginatae. 

Calathium planum radians ad 3 cm diametro, + croceum. Ligulae 
marginales planae extus stria pallide cano-purpurea notatae. Anthe- 
rae polliniferae; stylus luteus; stigmata sordide lutea, denique sub- 
obscura. Floret aestate. 

Achenium 5 mm longum (pyramide inclusa) stramineum superne 
tuberculatum vel brevissime spinulosum, ceterum laeve, in pyramiden 
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Fig. 26. T. reophilum v.S., type specimen. 


134 Je L. WAN SOEST 


conicam sublongam (0,7 mm) subsensim abiens. Rostrum breve, 
5-6 mm longum; pappus albus 5 mm longus. 
E sectione Vulgariorum Dahlstedt. 


Typus: Walliser Alp.: Saas-Fée, northwest slope of Mittaghorn 
2000 m, along brooklets, 16.7.1952 v. Soest (h. 31064—-71); in the 
neighbourhood: Saas—Fée 18-2000 m, below Mittaghorn at 1800 m, 
towards Saas—Almagell 1800 m, near Mattmark 2000 m, all 1952 
Velie 


Furthermore: 


Walliser Alp.: Steinental near Bérisal, 1893 Chenevard (G). 

Berner Alp.: Alpes de Bex, Les Ayers 1870 m, 1946 Maillefer (LAU). 

Rhaetische Alp.: Schlappintal near Klosters 1600 and below Gotschna 1300 m, 
both 1954 v.S. (h). 

Silvretta: Vernelatal 2100 m, 1954 v.S. (h). 3 

Oetztaler Alp.: Radurscheltal near Pfunds, 1926 Vetter (W) and 1936 Plank (W). 

Ortler: Martelltal 21-2300 m, 1956 v.S. (h). 

Vorarlberg: Solarneljoch, Scesaplana, 1912 Vetter (W). 

Hohe Tauern: Kals 1900 m, 1931 H.M. (W). 


This species can be considered as a link between the Vulgaria and 
the Fontana; it seems to be related to T. aestivum m, from which it 
differs by a shorter rostrum. The dark colour of the flower heads 
indicates the affinity to the Montana. 


7. Taraxacum rhaeticum van Soest mov. spec., Fig. 27. 


Planta mediocris 5-15 cm,alta. 

Folia suberecta ad 17 cm longa (petiolo angusto pallido inclusa), 
araneosa, lobata; lobi laterales utrinque 4—6, angusti acuti unguiculosi, 
falcati summo retroverso vel retroflexo, integri vel inferiora saepe 
magne dentati vel interdum fissi et multidentati; interlobiis interdum 
dentatis saepe 3 mm latis, in folia exteriora 5-15 mm longis, in folia 
interiora saepe subnullis; lobus terminalis deltoideus vel hastatus 
vel subsagittatus subacutus, lobuli basis acuminati integri, lobulo 
apicali saepe longe lingulato ad 2 cm lato, integro vel interdum paulo 
crispato-denticulato. 

Scapi floriferi foliis breviter superantes, sub involucro araneosi vel 
glabrescentes. 

Involucrum mediocre 12 mm longum, ca. 12 mm latum saepe 
crassiusculum. Squamae exteriores erecto-patentes apice recurvatae, 
ovatae vel ovato-lanceolatae ad 7 mm longae 2-3 mm latae, saepe 
pallide virides purpurascentes, sublate albo- vel purpureo-marginatae. 
Squamae interiores late lineares membranaceo-marginatae. 

Calathium paulo radians ad 2,5 cm diametro. Ligulae luteae, 
marginales angustae extus stria purpurea notatae; antherae vacuae; 
stylus et stigmata lutea; floret in regionis alpinis aestate, in regionis 
subalpinus interdum vere. 

Achenium stramineum 4 mm longum (pyramide inclusa) superne 
breve spinulosum (spinulis + rufescentis), ceterum sublaeve, in 
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Fig. 27. T. rhaeticum v.S., type specimen. 


pyramiden conicam 0,5 mm longam spinulis saepe praeditam sensim 
abiens; rostrum 7 mm longum; pappus albus 6 mm longus. 
E sectione Vulgariorum Dahlstedt. 


Typus: Rhaetische Alp.: Albula road below Naz 1550-1650 m, 
10.7.1948 v. Soest (h. 19285, 19287); furthermore very common in 
the neighbourhood: Albula pass, abundant 21-2300 m, Albula 
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Hospiz 2300 m, Weissenstein 2050 m, Preda—Palpuogna 1850 m, 
Naz—Bergiin 1400-1630 m abundant, Val da Munz 1600 m, Val 
Tuors 1600 m, Bergiin—Bergiinerstein 1350-1400 m, all 1948 v. S. (h). 


Furthermore: 

Walliser Alp.: Saastal, Mattmark 2100-2150 m; im Lerch 1900 m and Hannigalp 
near Saas-Fée 22-2400 m, all 1952 v.S. (h); Col de Torrens 28-2900 m, 
1919 Gandoger (RUEB); Riffelalp 2200 m, 1947 Horn af Rantzien (S). 

Berner Alp.: Alpes de Bex, Col des Essets 2000 m, 1905 Wilczek (LAU); Gletscher- 
alp, Loetschental, 1939 Weibel (G) ; Sigreswiler Grat 1820 m, 1933 Liidi (ZT). 

Vierwaldstadter Alp.: Kartigel, Meiental 1350 m, 1914 E. Schmid (Z). 

Glarner Alp.: Calanda, Ziegler (LAU). 

Rhaetische Alp.: Klosters, forest 1250-1300 m, Klosters-Laret 1400 m, above 
Laret 1600 m, Ménchalptal 1300 m, Klosters-Serneus 1200 m, Landquart 
valley near Alp Pardenn 1320 m, Stutzbachtal below Pardenn 1900 m and 
Parsenn 22-2400 m, all 1954 v.S. (h); Aelpli, Arosa 2100-m, 1898 Chenevard 
(G); Schlinigtal, 1956 v.S. (h). 

Bernina: pass 2050-2250 m, 1948 v.S. (h). 

Silvretta: Schlappintal 1400 m, 1500 m and 1600 m, all 1954 v.S. (h). 

Ortler: Martelltal 2350 m, 1956 v.S. (h). 

Oetztaler Alp.: Matschertal 1600-1650 m and Prossental 1900 m, 2000 m and 
21-2200 m, all 1956 v.S. (h). 


8. Taraxacum serpentinum van Soest nov. spec., Fig. 28. 


Planta 7-15 cm alta glabrescens. 

Folia numerosa suberecta gramineo-viridia vel sublutescentia, 
nervo mediano + araneoso-pilosa, petiolo pallide purpureo-colorato. 
Folia exteriora breve lobata, lobi laterales + dentati; lobus terminalis 
+ hastatus acuminatus. Folia interiora ad 18 cm longa (petiolo 
subalato inclusa) ; lobi laterales utrinque 4—5, triangulares vel + falcati 
saepe angusti acuti summo pro max. parte retroverso, dorso convexo 
vel recto dentati vel inciso-dentati vel denticulati, margine inferiore 
saepe recto integro; interlobiis 2-3 mm latis saepe ad 1 cm longis 
dentatis; lobi laterales superiores approximati; lobus terminalis 
+ hastatus vel plerumque trilobatus, lobuli basis triangulares summo 
valde elongato saepissime retroverso acuto, dorso valde convexo 
subintegro, lobulo apicali pro max. parte anguste lineare vel longe 
deltoideo, 1-3 mm lato, ca. 5 mm longo, acuto. 

Scapi foliis aequilongi vel eis breviter superantes, sub involucro 
+ araneosi. 

Involucrum viride + crassiusculum 13 mm longum 16 mm latum. 
Squamae exteriores patentes apice recurvatae lanceolatae ad 7 mm 
longae, ad 2,5 mm latae immarginatae obtusae apice ciliolatae; 
squamae interiores lineari-lanceolatae membranaceo-marginatae. 

Calathium valde radians ad 3,5 cm diametro. Ligulae saturate 
luteae marginales planae vel subplanae, extus stria purpurea paulo 
notatae, apice saepe obscure purpureae. Antherae vacuae vel parce 
polliniferae; styli et stigmata sordide lutea. Floret aestate. 

Achenium stramineum 4 mm longum (pyramide exclusa) superne ° 
spinulosum ceterum tuberculatum—basi laeve, in pyramiden conico- 
cylindricam 0,8 mm longam subsensim abiens; rostrum 5-6 mm; 
pappus albus 5-6 mm longus. 

E sectione Vulgariorum Dahlstedt. 
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Fig. 28. T. serpentinum v.S., type specimen. 


Typus: Rhaetische Alp.: Parsenn, Stutzbachtal 1800 m on serpen- 
tine, 21.7.1954 v. Soest (h. 33659), also no. 33655. 


Furthermore: 
Rhaetische Alp.: Albula, Val Tisch 1850-2100 m, 1948 v.S. (h). 
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SUMMARY 


In sect. Ceratophora Dahlst. T. krdttlii (Piz Padella) is described. 

In sect. Alpina Hagl. a number of new sp. are described, a few only restricted 
to the westernt or to the easternt+ Alps: T. carinthiacum (also western Balcans), 
T. helveticum (also Tatra) with f. lobatum, T. mattmarkense*, T. panalpinum (also 
high mountains in Spain, Tatra_and Transsilvanian Alps, western Balcans), 
parsennense++, T. pseudofontanum, T. saasense*, T. vereinense, T. vernelense++, T. vettert. 
The latin description of 2 already known sp. is enlarged: 7. apenninum (Tenore) 
DC. em v.S. (Apennines) and T. petiolulatum+*+ (Huter) v.S. nov. comb.; further- 
more T. oreophilum Hagl. and T. venustum Dahlst.++ are treated. 

In sect. Fontana nov. sect., next to T. fontanum H.M. sens. str., a number of new 
species are described: T. aurantellum+*+, T. corsicum (Corse), T. fontanicolum** 
(also Tatra), T. fontanosquameum++, T. peralatum**, T. pohlii**, T. pseudoboreigenum 
(Central Alps). In connection with this section 7. aestioum** and T. crocellum** 
are described. 

In sect. Cucullata nov. sect., besides T. cucullatum Dahlst. and T. tiroliense Dahlst., 
T. fontaniforme (Bernina) is described. 

In connection with sect. Rhodocarpa v.S. (T. schroeterianum H.M.), T. rufocarpum 
is described (Alps, W. Balcans). 

In sect. Vulgaria Dahlst. the following sp. are described: T. aequilobiforme*, 
T. callosum+, T. complicatum+ (also Bernina), T. perfissum*+, T. praeticum, T. reo- 
philum, T. rhaeticum, T. serpentinum (central Alps). 

Photographs of the type specimens of most of the new sp. are published. 
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NOTES ON THE ARACEAE OF SURINAME ITI*) 
A. M. E. JONKER-VERHOEF anp F. P. JONKER 
(Botanical Museum and Herbarium, Utrecht) 


(recewed February 11th, 1959) 


After the publication of the Araceae in the Flora of Suriname [.2 
(1953), p. 1-80, a number of rare and new species have been collected. 
Some of these were collected by Dr. J. Lindeman between 1953 
and 1955, the remaining by the present authors, who visited Suriname 
from November, 1955, to March, 1956. Field observations by the 
authors clearly indicated the fragmentary status of our knowledge 
of Suriname Aroids. The reasons for this are to be sought in the 
difficulties involved in collecting and preserving. Also, a number of 
species may not flower over a period of several years. The inflores- 
cences of many lianas are often almost inaccessible. A source of 
confusion is the variability in the leaves of a species. 

The following is an enumeration of species collected for the first 
time in Suriname, in addition to records of re-collections of rare 
species. 


Anthurium Schott 


1. Anthurium crassinervium (Jacq.) Schott, a species already listed 
in Fl. of Sur. and known only from the interior, was collected for 
the third time: 

Marowjjne Riv., Nassau Mts., frequent in forest on bauxite, alt. 550 m (Cowan 
& Lindeman 39100, fl. Jan. 1955 [NY, U]). 

In Fl. of Sur. we described this species as a terrestrial, rosulate 
herb. It is recorded by Cowan and Lindeman as epiphytic. According 
to their field notes the spathe is dark red; the spadix is purple black. 

9. Anthurium andersonii Schott. The species is new for Suriname. 
The specimens were collected as long ago as 1926. The material 
had been mislaid in the Utrecht herbarium and, for that reason, 
was not listed in Fl. of Sur. 

Anthurium andersonii Schott in Oest. Bot. Wochenbl. (1857), p. 325; 
Schott, Prod. Syst. Aroid. (1860), p. 547; Griseb., Fl. Br. W. Ind. Isl. 
(1864), p. 509; Engler in DC., Mon. Phan. Prod. II (1879), p. 207; 
Engler in Das Pflanzenreich IV 23B (1905), p. 286; — A. digitatum 
(Jacq.) G. Don var. connatum Engl. in Engl., Bot. Jahrb. XXV (1898), 

. 457. 
; Climber; internodes up to 2 cm long. Petiole sulcate, ca. 63 cm long 
and 0.5 cm in diameter; sheath ca. 8 cm long; joint ca. 3 cm long, 


1) Part I appeared in Acta Botanica Neerlandica Vol. 2(3), Oct. 1953, p. 
349-362, and was also published as Mededelingen van het Botanisch Museum en 
Herbarium van de Rijksuniversiteit te Utrecht, no. 118. 
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forking in the pedate leaf base. Leaf blade subdigitately pedate, 
7- to 11-foliolate; the two outer leaflets connate with the neigh- 
bouring ones in the basal 7 cm. Leaflets pergameneous, sessile, 
entire, oblanceolate, cuspidate, cuneate at the base, 29-46 cm long 
and 3-10 cm wide. Outer leaflets shorter than the others; their 
midribs, on the outer side, denudate in the basal 3-4 cm; the 8 cm 
long part of the blade above the denudate part broadened in its 
exterior half. Peduncle slender, ca. 22 cm long. Spathe lanceolate, 
ca. 2.5 cm wide. Spadix sessile, dark red-brown, cylindrical, ca. 9 cm 
long and up to | cm in diameter. Tepals cucullate, ca. 3 mm long, 
width of the outer ones ca. 2 mm; of the narrower inner ones Ca. 
1.5 mm. Stamens ca. 1.6 mm long and 0.7 mm wide. Ovary cylin- 
drical, 2-locular, ca. 2 mm long and 1 mm in diameter, crowned 
by a rounded stigma; each locule containing a single ovule. 

Distribution: West-Indian Islands (Sta. Lucia, Guadeloupe, 
Martinique,? Tobago). 

Upper Gran Rio, common (Stahel 241, fl. March 1926 [U]). 


Heteropsis Kunth 


Heteropsis longispathacea Engl. was collected for the second time. 
The plants were climbing against tree trunks and rooting at the nodes. 
Upper Nickerie Riv., right bank, camp Powiesi Boutoe (Jonker 404, ster. 

Jan. 1956 [U]). 

Another species, probably belonging to this genus, has now been 
collected four times in Suriname, but never in fertile state. It is 
not impossible, however, that the material represents H. longispathacea 
Engl. in a juvenile state. It differs by its much longer leaf sheath 
(1.5-2.5 cm) and its much finer venation. 

Marowijne Riv., Wane creek (Lanjouw & Lindeman 538, ster. Sept. 1948 
[U]); Suriname Riv., between Joden Savanne and Mapane creek (Lindeman 


5198a, ster. Dec. 1953 [U]); Upper Nickerie Riv., camp Powiesi Boutoe (Jonker 
406, ster. Jan. 1956 [U]); id., Anjoemara creek (Jonker 435, ster. Jan. 1956 [U]). 


Dieffenbachia Schott 


Dieffenbachia paludicola N.E.Br. ex Gleas. was known from British 
Guiana and twice collected in Suriname. According to our obser- 
vations the species is not very rare. It occurs along springs on peaty 
soil. 

Zanderij, forest near Matta (Lindeman 6516, fl. Aug. 1954 [U]); id., Pontyji 
creek, path to Matta (Jonker 137, fr. Dec. 1955 [U]). 


Vernacular names, added to those mentioned in Fl. of Sur.: pingotajer, watra- 
donké, water-dontje. — 


Xanthosoma Schott 


1. Xanthosoma conspurcatum Schott. This species had been collected 
only once, near Paramaribo, by Wullschlaegel (type collection). We 
discovered a rich locality near Albina. Our description in Fl. of Sur. 
has to be altered in the following way. 

Terrestrial, rosulate plants, up to 1 m high, containing a milky 
uice; underground part not tuberous. Cataphylls linear-lanceolate, 
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membranous, 12-17 cm long and 11.5 cm wide. Petiole vaginate in 
the basal part, 39-75 cm long. provided with scattered, indistinct, 
white stripes; sheath 11-33 cm long and 2-3 cm wide. Leaf blade 
ovate, cordate to hastate at the base, acuminate at the apex, 19-45 cm 
long and 7.5-35 cm wide between the basal lobes, dark green above, 
light green beneath, white-spotted on both sides. Apical lobe 6.5—26 
cm wide; basal lobes obtuse, up to 24 cm long and 13 cm wide; 
sinus rounded, penetrating to the main ribs of the basal lobes; denudate 
part of the mains ribs 0.5—2 cm long. Peduncle terete, 13-36 cm long. 
Spathe 15-17 cm long, basal tubular part 4-7 cm long, green outside; 
limb broadly elliptical, acute, 6-9 cm long and up to 4 cm wide, 
white to cream-coloured on both sides. Spadix shortly stipitate; 
stipe adnate to the spathe. Basal, female part ca. 1.5 mm long, its 
basal part adnate to the spathe; ovaries shortly ovoid, ca. 1 mm 
high, 3— to 4—locular, crowned by a broad, discoid style and a semi- 
globose stigma. Basal half of the 3.5 cm long sterile part provided with 
rather large, 4 mm high, 6-angular, prominent synandrodia, 2-3 mm 
in diameter; apical half of the sterile part provided with elongate, 
6-angular, appressed synandrodia, 0.5 mm high, 5 mm long and 
1 mm wide. Male part clavate, ca. 5 cm long; synandria 1.5 mm high 
and 1.5—2 mm in diameter. 

Distribution: Endemic. 

Near Paramaribo (Wullschlaegel 501 [BR], type); Lower Marowijne Riv., 
N of Albina, Pierre Kondre (Jonker 377, fl. Jan. 1956 [U]). 

2. Xanthosoma hoffmannii (Schott) Schott was collected by us for 
the first time in Suriname. It differs from the related X. helleborifolium 
(Jacq.) Schott chiefly in the leaves which are not compound and 
pedate but pedatifid and consisting of 5-9 divisions. The latter 
are much broader than the, usually 11, leaflets of X. helleborifolium. 

Xanthosoma hoffmannii (Schott) Schott in Oest. Bot. Ztschr. XV 
(1865), p. 33; Engler in Mart., Fl. Bras. IIT. 2 (1878), p. 191; id., 
in DC., Mon. Phan. Prod. II (1879), p. 485; Hemsley, Biol. Centr. 
Am. Bot. III (1885), p. 418; Engler u. Krause in Das Pflanzenreich IV 
93E (1920), p. 60; — Acontias hoffmannti Schott, Prod. Syst. Aroid. 
(1860), p. 196; @rst., Praecurs. Fl. Centroam. (1873), p. 59. 

Terrestrial herb. Petiole vaginate, pubescent in the basal part, up 
to 45 cm long, flattened towards the apex; sheath gradually narrowed 
in the petiole, up to 12 cm long and 2 cm wide. Leaf blade herbaceous, 
reniform in outline, 17 cm long and 26-29 cm wide, pubescent 
above, along the margin and on the veins beneath, pedatifid into 
5-9 divisions. Rachis not naked between the “‘eaflets’’; the latter 
obovate to oblong, entire, apiculate, mucronate, 6.5-16 cm long and 
2.5-7.5 cm wide. Peduncle terete, slightly pubescent, 26-27 cm long. 
Basal, tubular part of the spathe coriaceous, green, 6-7 cm_ long 
and up to 3.5 cm in diameter; limb herbaceous, lanceolate, acuminate, 
9-10 cm long and up to 2.5 cm wide, yellow with pink margin outside, 
yellowish-white inside. Spadix narrowly cylindrical, stipitate; stipe 
ca. 0.5 cm long. Female part ca. 2 cm long and | cm in diameter, 
covered with yellow slime; ovaries 3-locular, 1.5 mm high and 1.2 mm 
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in diameter; placentas axile with 4 ovules above each other. Style 
discoid, 0.5 mm high and 1.5 mm in diameter; stigma semiglobose, 
1.2 mm in diameter. Sterile part narrowed towards its apex, 4 cm long 
and 7.5-10 mm in diameter, cream-coloured at the base, white towards 
the apex; synandrodia oblong, 10-15 mm long and 2-3 mm wide. 
Male part clavate, cream-coloured, 6 cm long and 7.5 mm in diameter; 
synandria 4 mm long, 1.5 mm wide and 2.5 mm high, consisting of 
ca. 13 anthers. 

Distribution: Mexico, Costa Rica, Guatemala. 

var. wendlandii (Schott) Engl. in Mart., Fl. Bras. II. 2 (1873); 
p. 191; id. in DC., Mon. Phan. Prod. II (1879), p. 485; Hemsley, Biol. 
Centr. Am. Bot. III (1885), p. 418; Engler u. Krause in Das Pflanzenr. 
IV 23E (1920), p. 60; — Acontias wendlandii Schott in Oest. Bot. 
Ztschr. VIII (1858), p. 178; id., Prod. Syst. Aroid. (1860), p. 195; 
Qrst., Praecurs. Fl. Centroam. (1873),.p. 54; — Xanthosoma wendlandiu 
(Schott) Standl., Fl. Costa Rica in Field Mus. Nat. Bot. Ser. XVII 
(1937) pala: 

Basal part of the petioles and sheaths provided with red stripes. 
Leaves dark green above, variegated with light green, light green 
beneath. 

Distribution: Costa Rica. 


Paramaribo, road to Leonsberg (Jonker 520, fl. Feb. 1956 [U}). 


It is rather difficult to identify the cultivated Xanthosomas, 
generally known as “‘tajer”’, especially as they flower rarely. Engler, 
in “Das Pflanzenreich’’, mentions for Guiana: X. sagittifolium (L.) 
Schott, X. caracu C.“Koch et Bouché and X. belophyllum (Willd.) 
Kunth, all three cited by us in Fl. of Sur. In our opinion, after study of 
the fresh material, the “‘tajers”’ sold on the markets as leafy vegetables 
or edible tubers are cultivars of X. sagittifolium (L.) Schott. We think 
it highly probable that both X. belophyllum (Willd.) Kunth and X. 
caracu C. Koch et Bouché belong to X. sagittifolium. The flowers of 
X. caracu have never been described. The differences between the 
three species are based on the leaf shapes which fall within the width 
of variation of X. sagittifolium. 

3. Xanthosoma sagittifolium (L.) Schott; vid. Fl. of Sur. I. 2, p. 53. 
Plants up to 3 m high, often with milky juice; large specimens some- 
times provided with a short, thick, aerial stem. Rhizome often 
elongate-tuberous, ca. 10 cm in diameter. Cataphylls membranous, 
linear, acute. Leaves rosulate, petiolate. Petiole vaginate in the 
basal part, up to 2 m long; sheath gradually narrowed into the 
petiole. Leaf blade herbaceous to subcoriaceous, sagittate to cordate 
sometimes slightly hastate, up to 1 m long, acuminate and mucronate 
at the apex; basal lobes obtuse; sinus parabolic, not penetrating to 
the main ribs of the basal lobes. Peduncle terete, bluish-green, 20-25 
cm long and | cm in diameter. Spathe ca. 20 cm long; tube coriaceous 
closed, green, ca. 10 cm long and 2.5 cm in diameter; limb enclosing 
the flowering spadix, lanceolate, acuminate, ca. 10 cm long and 
4 cm wide, 3-costate on the back, outside light green, inside cream- 
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coloured. Spadix up to 13 cm long, obliquely sessile. The basal, 
female part swollen, ca. 4 cm long and 2.8 cm in diameter; ovaries 
cylindrical, ca. 1.5 mm high, 3-locular, crowned by a lobate, flat 
stigma, ca. 1.5 mm in diameter. Sterile part cylindrical, 3-4 cm long 
and 0.8 cm in diameter, provided with a basal whorl of slender, 
erect appendages (pistillodes?), up to 6 mm long, and ca. 10 remote 
whorls of peltate synandrodia, gradually growing more elongate 
towards the apex. Male part ca. 6 cm long, acute, in the basal part 
provided with whorls of synandria consisting of a peltate central 
column with ca. 5 adnate stamens. Towards the apex the peltate 
central part of the synandria gradually becoming reduced and, 
sometimes, appearing as a sterile pistil. Apical part of the spadix 
covered with a dense mass of stamens which are gradually elongated 
towards the apex. 

A cultivar often grown for the edible rhizomes is known as “‘pom 
tajer’’. It may rapidly develop into a very large plant provided with 
large leaves and forming a short, thick stem in the next years. In- 
florescences are rather rare, however, as the plant is, in culture, 
harvested before producing flowers. 

Lower Coppename Riv., Boskamp (Jonker 401, fl. Jan. 1956 [U]); Paramaribo» 
Tourtonnelaan (Jonker 681, fl. March 1956 [U]); Marowijne Riv., Nassau Mts.» 
alt. 415 m, in clearing (Cowan & Lindeman 39082, fl. Jan. 1955 [NY, U]). 

Another cultivar, grown everywhere as a leafy vegetable is known 
as “‘tajerblad’’, “‘taja wirie’’, etc. The bundled leaves are sold. It is 
a much smaller herb, up to 50 cm high, provided with rosulate, 
herbaceous leaves. It has never been collected in flower and con- 
sequently it is unknown whether it has to be considered a juvenile or 
undeveloped form of the previous cultivar. To this cultivar belongs 
the specimen from herb. Hermann, cited by us in Fl. of Sur. as X, 
belophyllum (Willd.) Kunth. 

Paramaribo, market (Jonker 273, 275 [U]); Coronie, Agricultural Experiment 
Fields (Jonker 558 [U]). 

4, Xanthosoma jacquinii Schott, Melet. I (1832), p. 19; id., Syn. 
Aroid. (1856), p. 57; id., Prod. Syst. Aroid. (1860), p. 183; Engler in 
Mart., Fl. Bras. III. 2 (1878), p. 169; id. in DG., Mon. Phan. Prod. 
II (1879), p. 470; Hemsley, Biol. Centr. Amer. Bot. II (1885), 
p. 418; Engler u. Krause in Das Pflanzenreich IV 23E (1920), p. 47; 
Simmonds in Kew Bull. 1950 (1951), p. 400; — Xanthosoma maximiliant 
Schott in Bonplandia X (1862), p. 322; Engler in Mart., Fl. Bras. 
III. 2 (1878), p. 192; Schott in Peyritsch, Aroid. Maxim. (1879), 
p. 42, tab. 31-33; Engler in DC., Mon. Phan. Brod Ul lo /o in pas 0, 
Engler u. Krause in Das Pflanzenreich IV 23E (1920), p. AD. s 

Plant up to 3 m high; milky juice evil-smelling; large specimens 
provided with an aerial stem which is up to 1.5 m high and 20 cm in 
diameter. Rhizome tuberous, brownish-black outside, inside white. 
Petiole terete, up to 1.5 m long, vaginate in the basal part. Leaf 
blade herbaceous to subcoriaceous, broadly cordate, often slightly 
hastate, ca. 80 cm long and 60 cm wide; acuminate and mucronate, 
margin slightly undulate; basal lobes angular, obtuse, in larger 
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leaves usually overlapping; midrib of the basal lobes exposed in the 
sinus over 2-3 cm. Peduncle 20-40 cm long and 0.5 cm in diameter. 
Spathe ca. 19 cm long; tube coriaceous, green, closed, 6.5 cm long 
and 3.5 cm in diameter; limb herbaceous, enclosing the flowering 
spadix, white, crimson-purple within at base, 12.5 cm long and 6 cm 
wide. Spadix stipitate, up to 15 cm long, green; stipe 1 cm long, 
adnate to the spathe. Female part slightly swollen, ca. 1.5 cm long 
and 1 cm in diameter; ovaries cylindrical, ca. 2 mm high, 3- to 
4-locular, crowned by a disciform, 0.5 mm high style which is 8 mm 
in diameter. Sterile part rose-coloured, swollen at the base and 
constricted in the apical part, 4.5 cm long; basal swollen part 1.3 cm 
in diameter, provided with large synandrodia which are 6 mm in 
diameter and 6 mm high; apical part provided with smaller synan- 
drodia which are diminishing and narrower towards the apex; 
apical synandrodia ca. 3mm high, 5 mm long and 2 mm wide. Male 
part ellipsoid, ca. 6.5 cm long and 0.8 cm in diameter, cream-coloured 
to flesh-coloured; synandria 3 mm high and 3 mm in diameter, 
consisting of ca. 6 stamens. Fruit baccate, up to | cm long and 0.5 cm 
in diameter. 

Distribution: S. Florida, West-Indian Islands, Central America, 
tropical South America; also cultivated. 

Lower Suriname R., plant. Peperpot (Lindeman 3694, fl. Apr. 1953 [U]); 
Coronie, Leasowes, near Sarah lake (Jonker 550, ster. March 1956 [U]). 

Vernacular name: tajer. 

Apparently this species is only rarely cultivated in Suriname. We 
were told in Coronie that the tubers were edible and that the leaves 
were eaten too. Sometimes, however, the leaf appears too acrid for 
human food; then they are used as pig’s wash. According to Engler and 
Krause (1920) the species is widely cultivated in the tropics of both 
hemispheres. According to Simmonds (1951) it is, in Trinidad and 
Tobago, a good wild species that is never cultivated and, according 
to local tradition, poisonous. 

Other species grown for human food are: X. violaceum Schott, 
X. atrovirens C. Koch et Bouché, X. mafaffa Schott, X. brasiliense ( Desf.) 
Engl. We did not observe cultures of these species in Suriname. 
The vernacular name “‘tajer”’ is also applied to Colocasia esculenta 


(L.) Schott. 


Caladium Vent. 


1. Caladium schomburgki Schott, hitherto known from French and 
British Guiana only, was collected near Albina, where it occurred 
abundantly. Because of its white-veined leaves the Suriname material 
belongs to the var. argyroneurum (C. Koch) Engl. 


Lower Marowijne Riv., N of Albina, (Jonker 374, fl. Jan. 1956 [U]). 

We found the var. pictum Engl., characterized by its red-spotted 
leaves, grown in pots in a garden at Coronie, Friendship. 

2. Caladium humboldtu Schott in Oest. Bot. Wochenbl. (1854) 
p. 417; Schott, Syn. Aroid. (1856), p. 54; Schott, Prod. Syst. Aroid. 
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(1660)" p. 174 Engler in Mart. Fl. Bras. III. 2° (1878), paeusis 
Engler in DC., Mon. Phan. Prod. II (1879), p. 467; Engler u. Krause, 
in Das Pflanzenreich IV 23E (1920), p. 38; — Caladium argyrites 
Lem. in Ill. Hortic. V (1858), t. 185 f. 3; Van Houtte in Fl. d. Serr. 
2. Sér. III (1860), p. 104 & t. 1345; Stahel, Nutt. Pl. Sur. 2nd Ed. 
in Bull. Landbouwproefst. Sur. No. 59 (1944), p. 180; — Caladium 
lulliputiense Rodrig. in Il. Hortic. XLII (1895), p. 363 & t. 47. 

Small plants, up to 22 cm high. Petioles up to 21.5 cm long; basal 
part vaginate, up to 4 cm long and 0.3 cm wide. Leaf blade 4-10 cm 
long and 2-5.5 cm wide, peltate, cordate, slightly hastate, white, 
green-streaked along the white midrib and principal veins. Flowers 
unknown. 

Distribution: Amazonian Brazil, Venezuela; also cultivated. 

Coronie, Totness, cultivated (Jonker 559, ster. Feb. 1956 [U]). 

3. Caladium bicolor (Ait.) Vent. After studying the Suriname 
material in the field we uphold our opinion expressed in our previous 
publication (Jonker and Jonker, 1953, 1.c.) that the varieties, established 
by Engler and Krause, are of little value. 

We describe, however, a new forma, twice collected by us and, 
in sterile state, also collected before, by Stahel. The new form is 
characterized by its large dimensions: 6-8 dm high. 

Caladium bicolor (Ait.) Vent. f. robustum Jonk. et Jonk., nov. form. 

Herba valida, 6-8 dm alta. Lamina 35-51 cm longa, 15-30 cm 
lata. Petiolus ad 87 cm longus. Pedunculus ad 57 cm longus. 

Typus: A. M. E. Jonker—Verhoef & F. P. Jonker 459, in herbario 
U — Surinamo, fluv. Wayombo, in pago Donderskamp. 

Distribution: Endemic. 


Paramaribo, Coppenamestraat (Jonker 194, fl. Dec. 1955 [U]); Wayombo Riv., 
Donderskamp (Jonker 459, type, fl. Jan. 1956 [U]); without locality (Stahel s.n., 
Stema)|ame 1921 eUh))) 


Colocasia Schott 

Colocasia esculenta (L..) Schott is a subspontaneous weed in Suriname 
and found everywhere in cultivated areas. A small number of cultivars 
are grown for the tubers and as leafy vegetables. The species very 
rarely flowers in Suriname. The cultivar “Chinese tajer” is charac- 
terized by the light-coloured, greyish-green, slightly pruinose leaves 
provided with a white spot above, opposite the insertion of the 
petiole. Petiole and veins white. 

Paramaribo, Tourtonnelaan, probably escaped from cultivation (Jonker 682, 
ster. March 1956 [U]). 

Another cultivar: “dasitajer”, “dasjitaja”, “dasini”, or “dasheen” 
(meaning: from China) is characterized by darker, bluish-green 
leaves with white veins and provided with a red spot opposite the 
insertion of the petiole. The latter is purplish-red; the sheath is 
purple outside and white with red, reticulate venation inside. “Wild 
specimens of this cultivar, which are very common e.g. in Paramaribo 
and often reach a height of over 2 m, are also known as “‘krastajer 
indicating that the plants are too acrid for human food. We collected 
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a single flowering specimen in a garden at Berg en Dal, Suriname 
Riv. Dr. Lindeman collected a deflorated specimen in a garden at 
Paramaribo, brought there by Dr. Geijskes from a village at the 
Tapanahony River. 

Peduncle terete, 10-24 cm long. Spathe yellowish-green outside, 
linear-lanceolate, elongate, ca. 25 cm long and 1.5 cm in diameter, 
enclosing the much shorter, sessile spadix. Basal, female part of 
spadix ca. 3 cm long and 8 mm in diameter, covered with 4— to 
6—angled, depressed, 1-locular ovaries with 5 (4-6) parietal placentas 
and crowned by a sessile, much smaller, 5—(4-6)lobed stigma. 
Ovaries 1.7 mm high and 1 x 2 mm in diameter; between the 
ovaries numerous scattered pistillodes. Sterile part ca. 2 cm long and 
3 mm in diameter, bearing in the basal part pistillodes and in the 
apical part synandrodia; the latter 0.8 mm high and 2.5 x 0.7 mm 
in diameter. Male part 4 cm long and 0.5 cm in diameter. Synandria 
prismatic, truncate, 3— to 6—-lobed, consisting of 3-6 stamens; the 
latter ca. 1 mm long and | mm wide. Sterile, apical appendix of the 
spadix ca. 5 mm long and 3 mm in diameter. 

Paramaribo, in garden (Lindeman 3510, defi. Apr. 1953 [U}); id., Tourtonnelaan 
(Jonker 683, ster. March [U]); Suriname Riv., Berg en Dal, in garden (Jonker 
639, fl. Feb. [U]). 

The cultivars occurring in Suriname do not agree with the varieties 
mentioned by Engler and Krause in Das Pflanzenreich IV 23E 
(1920), p. 65-68. 


Alocasia Neck. 


Robust herbs provided with an underground rhizome and, some- 
times, with a short stem. Petioles rather long, vaginate in the basal 
part. Leaf blades ovate, cordate or peltate. Plants usually with several 
inflorescences. Spathes large, coloured. Spadices consisting from the 
base upwards of a female part, a short sterile part, a male part and 
a long, sterile appendix. Ovaries usually 1-locular with 3-4 parietal 
placentes each with two basal ovules. 

Distribution: Tropical Asia, New Guinea included. A number of 
species introduced in other tropical countries. 

1. Alocasia indica (Roxb.) Schott in Oest. Bot. Wochenbl. IV 
(1854), p. 410; Schott, Syn. Aroid. (1856), p. 46; Schott, Prodr. 
Syst. Aroid. (1860), p. 144; Engler in DC., Mon. Phan. Prod. II 
(1879), p. 501; Engler u. Krause in Das Pflanzenreich IV 23E (1920), 
p. 87; — Arum indicum Roxb., Fl. Ind. II (1832), p. 498. 

Stout plant, usually ca. 1-2 m high, rosulate or, in older specimens, 
provided with a thick, fleshy stem. Leaf blade pergamentaceous, 
ovate, rounded and mucronate at the apex, cordate at the base, 
up to 76 cm long and 50 cm wide. Petiole thick, fleshy, up to 140 cm 
long and 4 cm in diameter, vaginate in its lower half; sheath up 
to 8 cm wide. Cataphylls pergamentaceous, lanceolate, acute, up to 
35 cm long and 4—5 cm wide. Peduncle terete, up to 54 cm long. 
Spathe up to 23 cm long; basal part tubular, ovoid, coriaceous, up to 
5 cm long; limb spreading, broadly elliptical, rounded and mucronate 
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to shortly cuspidate at the apex, up to 18 cm long and 6.5 cm wide. 
Spadix shorter than the spathe, basal part enclosed by the tube and 
base of the spathe limb; upper part patent from the spathe. Female 
part 1.8 cm long and 0.7 cm in diameter; ovaries obconical, 1—locular 
with 3 parietal placentas each with two basal ovules, ca. 2 mm high 
and 1.5 mm in diameter, crowned by the small, sessile, 3-lobed 
stigma. Sterile part, between the female part and the male part, 
constricted in the middle, 1.4 cm long and 0.6 cm in diameter. 
Male part ca. 2.6cm long and 0.9 cm in diameter; synandria consisting 
of 4-6 stamens, 2 mm high and 1.5 mm in diameter. Appendix up 
to 12 cm long, clavate, acute or obtuse, covered with a dense mass 
of small synandrodia, variable in shape and size. 

Distribution: tropical Asia, introduced in other tropical countries. 

var. metallica (Schott) Schott, Prod. Syst. Aroid. (1860), p. 415; 
Engler in DC., Mon. Phan. Prod. II (1879), p. 502; Engler u. Krause 
in Das Pflanzenreich IV 23E (1920), p. 88; Birdsey, The cult. Aroids 
(1951), p. 138; — Alocasia metallica Schott in Oest. Bot. Wochenbl. [V 
(1854), p. 410; Schott, Syn. Aroid. (1856), p. 46; non Alocasta metallica 
W. J. Hook. in Bot. Mag. (1860), t. 5190; — Caladium metallicum Hort., 
Van Houtte, Fl. d. Serr. 2. Sér. III (1860), p. 115; — Caladium 
plumbeum C. Koch and Xanthosoma plumbeum C. Koch in Berl. Allg. 
Gartenztg. XVII (1857), p. 136; — Alocasia plumbea (C. Koch) Van 
Houtte in FI. d. Serr. 2. Sér. XXI (1875), p. 93, t. 2206. 

Petiole and lower surface of the leaf blade blackish purple; upper 
surface shining, purplish green. Leaf sheath cream-coloured to pink 
inside- Cataphylls pink. Peduncle light purple. Tubular part of the 
spathe dark brownish purple; limb greenish with purple stripes to 
pink outside, yellowish green or white to pink inside. Flowers weakly 
fragrant. Female part of the spadix light yellow; sterile part light 
yellow; male part white to creamy; appendix light yellow to cream- 
coloured. 

Distribution: Java, Borneo; introduced to other tropical countries: 
in gardens in S. Florida and tropical America, sometimes escaped. 
In Suriname richly flowering. 

Commewijne Riv., Margrita (Jonker 342, fl. Jan. 1956 [U]); Paramaribo, 
Tourtonnelaan (Jonker 477, fl. Jan. 1956 [U]; Jonker 679, fl. March 1956 [U]). 

Vernacular names: Zwarte tajer, Indiaanse tajer, Blakka taja. 

9. Alocasia macrorrhiza (L.) Schott in Oest. Bot. Wochenbl. IV 
(1854), p. 409; Schott, Syn. Aroid. (1856), p. 45; Schott, Gen. Aroid. 
(1858), t. 40; Schott, Prod. Syst. Aroid. (1860), p. 146; Engler in 
Mart., Fl. Bras. III. 2 (1878), p. 202; Engler in DC., Mon. Phan. 
Prod. II (1879), p. 502; Engler u. Krause in Das Pflanzenreich IV 
23E (1920), p. 84, Fig. 15; Birdsey, The cult. Aroids (1951), p. 24; — 
Arum macrorrhizum L., Spec. Plant. (1753), p. 965; — Arum peregrinum 
L., Spec. Plant. (1753), p. 966; Plumier, Pl. Amer. (1755), p. 29, t. 36; 
Aubl., Pl. Guian. Fr. II (1775), p. 835; — Colocasia macrorrhiza (L.) 
Schott, Melet. I (1832), p. 18; — Colocasia peregrina (L.) Schott, 
Syn. Aroid. (1856), p. 42. 

Large, rosulate herbs, up to 5 m high, sometimes provided with an 
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aerial stem when older. Rhizome tuberous, edible. Petioles vaginate 
in the basal half, ca. 136 cm long, thick, swollen; sheath ca. 6 cm 
in diameter. Leaf blade ovate, coriaceous, erect, ca. 70 cm long and 
45 cm wide, acute and shortly cuspidate at the apex, cordate at the 
base. Lower surface light green and provided with prominent, yellow 
veins. Margin sinuate. Basal lobes ovate, obtuse. Sinus triangular, 
not penetrating to the main ribs of the basal lobes; the two main 
ribs about rectangular to each other. 

Distribution: a native of tropical Asia, cultivated and subspon- 
taneous in other tropical countries. Never observed in flowering state 
in Suriname. In 1737 Linnaeus already mentioned, in his Hortus 
Cliffortianus, this species from America. Aublet recorded it, in 1775, 
from French Guiana. The culture of this species has apparently 
disappeared in Suriname. 

Near Paramaribo, road to Leonsberg, in abandoned plantation (Jonker 519, 
ster. Feb. 1956 [U]); Lower Suriname Riv., plant. Dordrecht (Lindeman 5764, 
ster. Apr. 1955 [U]). 

Vernacular names: loemboe (Jav.), krassietaja, krastajer. 

cultivar vartegata Hort. 

Leaves yellow-variegated. 

Cultivated in gardens, Paramaribo. 


Typhonium Schott 


Small, rosulate, stemless herbs. Underground part tuberous. Leaves 
petiolate, sagittate to 3—-lobed or 3—partite or pinnatisect. Peduncle 
short. Spathe convolute in the basal part; limb spreading, rather large, 
acuminate. Spadix consisting»of a basal, female part covered with 
naked, 1—locular ovaries containing | or 2 basal ovules, a sterile part 
covered with staminodes or partly naked, a male part densely covered 
with naked flowers consisting of two stamens, and a sterile, stipitate, 
exserted, apical appendix. 

Mrs. E. Geijskes—Sollewijn Gelpke drew our attention to a small 
Aroid growing as a weed in the streets of the centre of Paramaribo, 
especially in the vicinity of the Governor’s House. We collected 
a specimen flowering in her garden. It appeared to belong to the 
Asiatic species Typhonium trilobatum (L.) Schott recorded by Simmonds 
from ‘Trinidad as naturalized in that island. According to Engler 
in Das Pflanzenreich IV 23F (1920), p. 115, this is T. divaricatum (L.) 
Dene. Linnaeus, however, based his Arum divaricatum on the good 
illustration of “Nelenschena major” by Rhede, Hort. Mal. XI (1692), 
p. 39, t. 20. This species is characterized by the staminodes. The 
part of the spadix between the male part and the female part is 
covered over its whole length with patent staminodes of which those 
on the basal half are clavate and those on the upper half vermiform. 
Synonyms are Arum cuspidatum Bl. in Cat. Hort. Buitenzorg, p. 101 
and Typhonium cuspidatum (Bl.) Bl., Rumphia I (1835), p. 133, t. 30. 
Also belonging to this species is the drawing of Arum flagelliforme 
Roxb. in Wight’s Icon. III (1844), p. 6, t. 791. Arum flagelliforme Lodd., 
Bot. Gab. IV (1823), t. 396 too belongs in the synonymy and con- 
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sequently also Typhonium flagelliforme (Lodd.) Bl., Rumphia I (1835), 
p. 134, figured by Engler in Das Pflanzenreich l.c., p. 113, Fig. 16. 

I yphonium trilobatum (L.) Schott is characterized by a naked part 
of the spadix, between the female and the male part, with only basal 
whorls of acute, orange, erect staminodes. Linnaeus based his species 
on Ray, Hist. Plant. III (1704), p. 575, no. 17; on Hermann, Par. Bat. 
(1705), p. 78, t. 78; and on Commelin, Hort. Med. Amstel. (1697), p. 97, 
fig. 51. Illustrations of this species are to be found in Miller, Fig. 
Plant. Gard. Dict. I (1760), Pl. 52, fig. 2; Curtis, Bot. Mag. (1796), 
t. 339; and a detailed one in Curtis, Bot. Mag. (1822), t. 2324. 
Ray and Hermann, however, mentioned as a synonym Nelenschena 
major Rhede. But as Linnaeus himself only mentioned the latter in the 
synonymy of Arum divaricatum, we follow him in this. 

Typhonium roxburghi Schott is also often confused with the two 
above mentioned species. It is characterized too by the sterile part of 
the spadix which is provided with basal whorls of hanging, uniform 
staminodes. 

Typhonium trilobatum (L.) Schott, Wiener Ztschr. III (1829), p. 72; 
Schott, Aroid. I, 1853 (1855), p. 11, t. 16; Schott, Syn. Aroid. (1856), 
p. 18; Schott, Prod. Syst. Aroid. (1860), p. 108; Simmonds in Kew 
Bull 1950 (195 1). p. 405; Arum trilobatum L., Spec. Plant. (1753), 
p. 965; Curtis, Bot. Mag. (1796), t. 339; — Arum divaricatum, non L., 
Wight, Icon. Pl. Ind. Or. III (1844), p. 76, t. 790; — Typhonium 
divaricatum auct., non Decne, Blume, Rumphia I (1835), p. 130, t. 36; 
Schott, Aroid. I, 1853 (1855), p. 12, t. 18; Engler in DC., Mon. Phan. 
Prod. II (1879), p. 611; Engler in Das Pflanzenreich IV 23F (1920), 
p. 115; — Arum trilobatum f auriculatum Curtis, Bot. Mag. (1822), 
t. 2324; — Arum acaule folits trilobus, flore sessile radicato Linn, Flor. 
Levian. (1748), 14326, p.159: 

Tuber subglobose, ca. 2 cm in diameter. Petiole up to 12.5 cm long, 
the basal 3 cm vaginate; sheath white along its margin. Apical part 
of the petiole semiterete, slightly sulcate. Leaf blade herbaceous, 
ovate, hastate, acuminate, up to 9 cm long and up to 6.5 cm wide at 
the base; basal lobes triangular, obtuse, 3.5-4.5 cm long and up 
to 2 cm wide; both halves of the sinus rounded, penetrating to the 
main ribs of the basal lobes; naked part of the main ribs ca. 0.5 cm 
long. Peduncle up to 3 cm long. Inflorescence producing an acrid 
carrion smell, flowering during a single day only. Basal part of the 
spathe tubular, ca. 1.5 cm long and | cm in diameter, green. Limb 
triangular, ovate, long-cuspidate, brownish-purple inside with a 
velvety sheen, becoming greenish towards the base and brownish- 
green outside, ca. 14 cm long and up to 5 cm wide; cusp contorted, 
especially when older or in dried state, ca. 7 cm long. Spadix sessile. 
Female part 2.5 mm long, included in the tubular part of the spathe, 
covered with light-yellowish-green, 1.5 mm high ovaries; the latter 
crowned with a small, disciform stigma beset with minute, dark red 
glands. Sterile part also included, 1.2 cm long, naked for the upper 
6 mm; basal half bearing spirally arranged, subulate, erect, orange, 
4 mm long staminodes. Male part 5-6 mm long and 3.5 mm in dia- 
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meter, enclosed by the basal part of the limb, densely covered with 
orange flowers. Appendix shortly stipitate, subulate, brownish-purple, 
ca. 12.5 cm long and up to 3 mm in diameter, obliquely truncate at 
the base; stipe up to 2 mm long. ie 
Distribution: Tropical Asia, subspontaneous in Trinidad and 
Suriname (Paramaribo). 
Paramaribo (Jonker 94, fl. Dec. 1955 [U]). 


Philodendron Schott 


A number of rare species was recollected: 

1. Philodendron fragrantissimum (Hook.) Kunth. We can now add the 
following characteristics to the description in Fl. of Sur.:_ 

Liana, provided with hanging aerial roots. Leaf blade coriaceous. 
Peduncle pinkish, towards its apex white. Spadix subsessile or shortly 
stipitate; stipe red. Female part of the spadix light yellow; male 
part white. 

Wayombo Riv., Donderskamp, path from river to village (Jonker 461, fl. Jan. 
1956 [U]). 

Vernacular name: Akékwa (Arow.). 

2. Philodendron jenmanii Krause. Second collection: 

Swamp between Lelydorp and Uitkijk (Jonker 311, fl. Dec. 1955 [U]). 

3. Philodendron dioscoreoides Gleas. Only known, in sterile state, from 
British Guiana and one collection from Suriname, upper Nickerie 
River. We visited the upper Nickerie area and observed that the species 
was rather common there, but always sterile. Palm-stone collectors 
in that region knew it by the vernacular name I[Jzerblad (= iron leaf) 
and stated that it never flowered. 

Upper Nickerie Riv., right bank, camp Powiesi Boutoe (Jonker 405, ster. Jan. 
1956 [U]). 

4. Philodendron guttiferum Kunth var. guttiferum. Second collection: 

Suriname Riv., Brokopondo (Jonker 633, fl. Feb. 1956 [U]). 

var. rudgeanum (Schott) Jonk. et Jonk. Fourth collection: 

Perica Riv., Capoerica ridge (Lindeman 5337, fl. Jan. 1954 [U]). 

We have the impression that var. guttiferum occurs in the interior 
and var. rudgeanum in the coastal region. 

5. Philodendron sphalerum Schott. This endemic species was collected 
for the third time. The following characteristics can be added to the 
description in Fl. of Sur.: Spathe light green outside, inside creamy 
white. Spadix creamy white. 

Perica Riv., Capoerica ridge (Lindeman 5139, fl. Dec. 1953 [U]). 

6. Philodendron splitgerberr Schott. The type material, sterile, 
collected by Splitgerber, has been lost. The original drawings by 
Schott, however, have been kept in the Vienna herbarium. We 
collected the species in fertile state. 

Philodendron splitgerbert Schott, Prod. Syst. Aroid. (1860), p. 251; 
Engler in DC., Mon. Phan. Prod. II (1879), p. 376; id. in Engl., 
Bot. Jahrb. XXVI (1899), p. 524; Krause in Das Pflanzenreich IV 
23 Db (1913), p. 44; Jonker and Jonker in Act. Bot. Neerl. II (1953) 


> 
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p. 358, also published as Med. Bot. Mus. en Herb. Utr. n. 118; 
Jonker and Jonker in Fl. Sur. I. 2 (1953), p. 60. 

Epiphytic climber provided with an apical rosette.  Internodes 
3-3.5 cm long and 0.6 cm in diameter. Cataphylls decaying to a 
dense mass of brown fibres. Leaves petiolate, glabrous. Petioles 
broadly and, at the apex, crisply winged, up to 32 cm long and 1.5 cm 
wide; those of the rosulate leaves shortly vaginate in the basal 2.5 cm; 
sheath of the stem leaves up to 10 cm long and 1.5 cm wide, auriculate 
at the apex. Leaf blade coriaceous, triangular ovate, truncate at 
the base, acuminate and mucronate at the apex, 26-32 cm long and 
10-18 cm wide at the base. Peduncle 5—6 cm long and 0.6 cm in 
diameter. Spathe closely convolute, 8-10.5 cm long, enclosing the 
spadix. Basal half swollen, bright red; apical half cream-coloured. 
Spadix obliquely sessile. Female part 3 cm long and 1.8 cm in diameter; 
ovaries ca. 7 mm high and 4 mm in diameter, 7-locular; ovules 
several, biseriate. Sterile part ca. 1 cm long and 0.7 cm in diameter. 
Fertile male part 5.2 cm long and 0.7 cm in diameter. Male flowers 
consisting of 3-4 stamens, each of them ca. 1 mm long and 0.7 mm wide. 

Distribution: Endemic. 


Suriname Riv., 12 km SE of Jodensavanne, camp VIII of Forestry Service 
(Jonker 648, fl. Feb. [U]). 


The following species are new for Suriname: 

7. Philodendron longepetiolatum Engl., hitherto known from British 
and French Guiana only and cited in Fl. of Sur. as to be expected. 
The following characters are to be added to that description: 

Leaf blade acute or truncate and often more or less cuneate at the 
base. Spathe outside bright green on the back and light yellow along 
the margins, inside creamy yellow. Female part of the spadix light 
green; male part white. 

Suriname Riv., Mapane creek, Suhoza (Lindeman 6720, fl. Dec. 1954 [U]). 

Note: we also observed the species in flowering state near Kwakoegron, Sara- 
macca Riv. It was, however, impossible to collect it. 

8. Philodendron jacquinii Schott, Syn. Aroid. (1856), p. 90; Schott, 
Prod. Syst. Aroid. (1860), p. 259; — Arum hederaceum Jacq., Stirp. 
Amer. (1763), p. 240, t. 152; Willd., Spec. Plant. IV (1805), p. 486, 
p-p-; — Philodendron hederaceum auct., Kunth, Enum. Plants tl 
(1841), p. 49, p.p.; — Philodendron hoffmannir Schott in Oest. Bot. 
Ztschr. VIII (1858), p. 178; Schott, Prod. Syst. Aroid. (1860), 
p- 256; Orst., Praecurs. Fl. Centroam. (1873) p59, Engler in DCy 
Mon. Phan. Prod. II (1879), p. 399; Engler in Engl., Bot. Jahrb. 
XXVI (1899), p. 553; Krause in Das Pflanzenreich IV 23 Db (1913), 

P7125: . 
3 Non-rosulate epiphytic climber. Stems, peduncles and petioles often 
provided with bladders in dried state. Internodes 5-7 cm long and 
ca. 1 cm in diameter, shortly setose. Leaves petiolate. Petioles shortly 
setose, up to 23 cm long; the basal 6.5-14 cm vaginate; sheath up to 
3 cm wide. Leaf blade papyraceous, ovate, cordate at the base, acute 
to shortly acuminate and mucronate at the apex, 14-23 cm long and 
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11-15.5 em wide; midrib and principal veins shortly setose beneath; 
basal lobes orbicular, 5-8 cm in diameter; sinus rounded, penetrating 
to the main ribs of the basal lobes; denudate part of the main ribs 
up to 1.5 cm long. Peduncle glabrous, 3-6 cm long. Spathe closely 
convolute, 8-10 cm long and 9 cm wide, green outside, inside red in 
the basal part and green towards the apex. Spadix sessile, ca. 8 cm 
long, covered with an evil-smelling slime which attracts insects. 
Female part up to 2.5 cm long and 1.5 cm in diameter, green; ovaries 
elongate, prominent, 6 mm high and 2 mm in diameter, 3—locular; 
each locule containing two basal ovules. Sterile part up to 3 cm long 
and 0.8 cm in diameter, ivory-coloured. Male part up to 4 cm long 
and 0.9 cm in diameter, light green to ivory, in dried state sometimes 
red; male flower consisting of 3 anthers which are 2.5 mm long and 
1 mm wide. 

Distribution: Central America. 

Near Paramaribo, road to Leonsberg, abandoned plantation, epiphyte on 
Pimenta officinalis (Jonker 521, fl. Feb. 1956 [U]). 

9. Philodendron ornatum Schott. In citing the species by this name, 
we are uniting Philodendron rubens Schott (1856) and P. tobagense 
Engl. (1899) — already united by Simmonds in Kew Bull. 1950 — 
with P. ornatum Schott (1853) and P. asperatum (Koch) Koch (1855), 
based on Zantedeschia asperata C. Koch (1853). In accordance with 
art. 57 of the Int. Code of Botanical Nomenclature (1956) we choose 
P. ornatum Schott (1853). The only difference between P. rubens 
(= P. tobagense) and P. ornatum (= P. asperatum) is the colour of the 
spathe: red inside in the former and white inside in the latter. In 
our opinion this is of no specific value. 

Philodendron ornatum Schott in Oest. Bot. Wochenbl. III (1853), 
p. 378; Schott, Syn. Aroid. (1856), p. 84; Schott, Prod. Syst. Aroid. 
(1860), p. 247; Engler in Mart., Fl. Bras. IIT. 2 (1878), p. 155; Engler 
in DC., Mon, Phan»Prod..J14(1879),.p..382; Mngler inainel, Bot, 
Jahrb. XXVI (1899), p. 525; Krause in Das Pflanzenreich IV 23Db 
(1913), p. 51; — <antedeschia asperata C. Koch, Ind. Sem. Hort. Berol. 
(1853) App. p. 5; — Philodendron asperatum (Koch) Koch, Ind. Sem. 
Hort: Berol: (1855); Apps-p..4; Schott, Syns-Aroid: (1956) 9 panos 
Schott, Prod. Syst. Aroid. (1860), p. 248; Ender, Ind. Aroid. (1864), 
p. 85; Engler in Mart., Fl. Bras. III. 2 (1878), p. 156; Engler in DC., 
Mon. Phan. Prod: I1°(1879),*p..3833 Engler in EnglSi Bot Jahrb. 
XXVI (1899), p. 525; Krause in Das Pflanzenreich IV 23Db (1913), 
p- 51; — Philodendron rubens Schott, Syn. Aroid. (1856), p. 84; Schott, 
Prod. Syst. Aroid. (1860), p. 245; J. D. Hooker in Bot. Mag. (1873), 
t. 6021; Engler in DC., Mon. Phan. Prod. II (1879), p. 389; Engler 
in Engl., Bot. Jahrb. XXVI (1899), p. 530; Krause in Das Pflanzen- 
reich IV 23 Db (1913), p. 61; Simmonds in Kew Bull. 1950 (1951), 
p. 402; — Philodendron imperiale Schott in Oest. Bot. Ztschr. XV 
(1865), p. 71; Schott in Peyritsch, Aroid. Maxim. (1879), p. 51, 
t. 40-42; — Philodendron tobagense Engl. in Engl., Bot. Jahrb. XXVI 
(1899), p. 524; Krause in Das Pflanzenreich IV 23 Db (1913), p. 52. 

Climber. Internodes ca. 7.5 cm long and 0.7 cm in diameter. 
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Cataphylls pink, large, papyraceous, acute, up to 22 cm long and 
6 cm wide, 2-crested on the back, decaying to brown fibres. Leaves 
petiolate. Petiole of the stem leaves consisting of a 9-10 cm long and 
1.2 cm wide sheath, which is auriculate at the apex, and a 4 cm long 
verrucose pulvinus; warts white. Petiole of the rosulate leaves without 
sheath, 22-33 cm long, white-verrucose towards the leaf blade, 
especially on the 3.5-5.5 cm long, often pink pulvinus. Leaf blade of 
the stem leaves triangular-ovate, truncate at the base, cuspidate 
at the apex, up to 17.5 cm long and 10 cm wide at the base, pink 
when young; cusp up to 1.5 cm long. Leaf blad of the rosulate leaves 
ovate, cordate at the base, cuspidate at the apex, up to 48 cm long 
and 26.5 cm wide. Sinus broadly triangular to rounded and then 
penetrating to the main ribs of the orbicular basal lobes; denudate 
part of the ribs 2—2.5 cm long. Basal lobes up to 13 cm in diameter. 
Distribution: S. Brazil, Venezuela, Trinidad, Tobago. 


Cottica Riv., Moengo, forest near bauxite mines (Jonker 484, ster. Jan. 1956 [U]). 


10. Philodendron hederaceum Schott, Melet. I (1832), p. 19; Kunth, 
Enum. Plant. III (1841), p. 49 p.p.; Schott, Syn. Aroid. (1856), 
p- 90; Schott, Prod. Syst. Aroid. (1860), p. 255; — Colocasia hederacea 
sterilis minor folia cordata Plumier, Descr. Pl. Amer. (1693), p. 39, 
t. 51 & 55; — Arum hederaceum Willd., Spec. Plant. [TV (1805), p. 486 
p-p-; — Philodendron scandens Koch et Sello in Ind. sem. hort. Berol. 
(1853) App. p. 4; Schott, Syn. Aroid. (1856), p. 83; Schott, Prod. 
Syst. Aroid. (1860), p. 243; Engler in Engl., Bot. Jahrb. XXVI 
(1899); p..528:; Urb., Symb. Ant. IV (1903), p. 134; Krausein Das 
Pflanzenreich IV 23 Db (1913), p. 56; Simmonds in Kew Bull. 1950 
(1951), p. 404; — Philodendron oxycardium Schott, Syn. Aroid. (1856), 
Deyo; Schott. Prod: Syst. Arcid. 41860), p.»241; Englérsin: DG,, 
Mon. Phan. Prod. II*(1879), p. 386; Engler in Engl., Bot. Jahrb. 
Mev. 1e41899),cpa 527 = Ucb4 Symb. Ant, [Ve(1903), p, 134; Krause 
in Das Pflanzenreich IV 23 Db (1913), p. 56; — Philodendron isertianum 
Schott, Prod. Syst. Aroid. (1860), p. 242. 

Climber. Internodes long. Leaves petiolate, not rosulate. Petiole 
vaginate in the basal half. Leaf blade ovate, cordate at the base, 
cuspidate at the apex; sinus narrowly triangular, acute, not pene- 
trating to the main ribs of the basal lobes. Peduncle up to 6 cm long 
and 0.8 cm in diameter. Spathe tube green after flowering. Ovary 
oblong, 5—-locular; ovules several, biseriate. 

Distribution: West-Indian Islands, Guatemala, Venezuela. 

Perica Riv., Capoerica ridge (Lindeman 5438, defl. Jan. 1954 [U]). 


If P. hederaceum is considered a nomen confusum, the correct name 
for this taxon is P. scandens C. Koch et Sello. 

11. Philodendron wayombense Jonk. et Jonk., nov. spec. 
(Eig, 1): 

Caudex scandens internodiis ad 15 cm longis, ad 2 cm crassis. 
Foliorum petiolus teres, 34-57 cm longus, ad 7 cm longitudinis 
vaginatus. Lamina pergementacea, 54-61 cm longa, 30-60 cm lata, 
ambitu cordato-ovata, margine inciso sinuata. Pedunculi 1-3 ex 
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Fig. 1. Philodendron wayombense Jonk. et Jonk., typus. 
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axillo provenientes, 1-8 cm longi. Spatha viridis, rubro-maculata, 
ca. 14cm longa, 4 cm lata. Spadix oblique sessilis, pars feminea ad 
3.5 cm longa, 0.7 cm crassa, mascula basi sterilis, ad 7 cm longa, 
0.7 cm crassa. Pistilla ovoidea, 2 mm longa, | mm lata, 5—6—locularia; 
ovula 5-6 placentae breviae affixa. 

Typus: A. M. E. Jonker—Verhoef et F. P. Jonker 462, in herbario U. 
Surinamo ad flumen Wayombo prope Donderskamp. 

The leaves of this new species resemble those of Philodendron sub- 
incisum Schott from Mexico, erroneously considered by Engler a 
synonym of P. lacerum (Jacq.) Schott. In the leaves of P. wayombense, 
however, the apical lobe is provided with ca. 9 pairs of veins; this 
number being 6 in P. subincisum. Moreover, the leaf blade is ovate in 
P. subincisum and slightly 5—lobed in P. wayombense. For this reason the 
species is related to P. pedatum (Hook.) Kunth, of which the first 
leaves are distinctly 3— to 5—lobed with a large terminal lobe, and 
the later leaves pinnatifid or pinnatisect. Also the number of locula 
of the ovary and the number of ovules point to a relationship with 
the latter species. 

The plants contain a milky juice of which the smell strongly 
resembles that of raw carrots. 

Wayombo Riv., Donderskamp, path from river to village (Jonker 462, fl. Jan. 
1956 [U}). 


Vernacular name: mesji tjoepie (Arow.). 


These investigations have been carried out in the Botanical Museum 
and Herbarium of the State University of Utrecht, Netherlands 
(Director: Dr. J. Lanjouw) and in the laboratory of the WOSUNA at 
Paramaribo, Suriname. We wish to tender our most sincere thanks to 
the foundation ““WOSUNA” (Scientific Research Suriname and 
the Netherl. Antilles) for the opportunity to visit Suriname and to 
study the Aroids in the field. A special word of thanks is due to 
Dr. D. C. Geijskes, then director of WOSUNA at Paramaribo, 
and to his successor Mr. J. Heiting. 

The authors wish to express also their thanks to the directors of the 
Royal Botanic Gardens, Kew (Surrey), England and of the State 
Herbarium, Leiden, Netherlands, for the loan of herbarium specimens. 
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STUDIES ON THE POST-BOREAL VEGETATIONAL 
HISTORY OF SOUTH-EASTERN DRENTHE 
(NETHERLANDS) 


W. VAN ZEIST 
(Institute for Biological Archaeology, Groningen) 


(recewwed February 6th, 1959) 


INTRODUCTION 


In this paper the results of some palynological investigations of 
peat deposits in south-eastern Drenthe will be discussed. ‘The location 
of the profiles to be discussed is indicated on the map of Fig. 1. ‘This 
map, which is a slightly modified copy of the Geological Map (No. 17, 
sheets 2 and 4; No. 18, 2 and 4), gives a survey of the soils in the 
Emmen district. 

Peat formation took place chiefly in the Hunze Urstromtal, which 
to the west is bordered by the Hondsrug, a chain of low hills. It 
may be noted that the greater part of the raised bog has now vanished 
on account of peat cutting. In the eastern part of the Hondsrug 
fairly fertile boulder clay reaches the surface, whereas more to the 
west in general the boulder clay is covered by a more or less thick 
deposit of cover sand. Fluvio-glacial deposits are exposed on the 
eastern slope of the Hondsrug. 

Unfortunately, no natural forest has been left in south-eastern 
Drenthe. Under present conditions the climax vegetation in areas 
with boulder clay on or slightly below the surface would be a Querceto- 
Carpinetum subatlanticum which is rich in Fagus, that in the cover sand 
areas—dependent on the depth of the boulder clay—a Querceto 
roboris-Betuletum or a Fageto-Quercetum petraeae (cf. ‘TUxXEN, 1955). 


In contrast to the diagrams from Emmen and Zwartemeer previous- 
ly published (VAN ZeEIst, 1955a, 1955b, 1956b) which provide a 
survey of the vegetational history of the whole Emmen district, the 
diagrams from Bargeroosterveld and Nieuw-Dordrecht have a more 
local character. The latter two profiles are in the border zone of the 
raised bog, only a short distance from the higher soils of the Hondsrug. 
In these diagrams the influence of prehistoric man on vegetation 
comes out better than it does in those from the more central parts 
of the raised bog. 

The profile of Nieuw-Dordrecht was sampled during the excavation 
of a trackway (VAN ZeIsT, 1956a). This trackway consisted mostly of 
split tree stems, of a length of about 3 m, which were laid on the 
peat transversally side by side. A radiocarbon dating of a piece of 
wood from this trackway gave an age of 1885 + 55 B.C. (Gro 1087). 
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fluvio-glacial HHH weathered more than 2m less than 2m : eaty deposits in 
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Fig. 1. Soil map of the Emmen region with location of the profiles discussed 
in this paper. 


The samples from the Bargeroosterveld profiles were collected 
on the occasion of the excavation of the remains of a wooden building 
placed on the peat. This structure, which was surrounded by a circle 
of rather small stones, had undoubtedly a ritual purpose (WATERBOLK 
and VAN ZEIST, in preparation). The level of this building, which 
according to a radiocarbon measurement is to be dated at 1045 + 65 
B.C. (Gro 1552), is indicated in the Bargeroosterveld II diagram. 


A summary of the results previously published gives the simplified 
diagram Emmen I (Van Zerst, 1955a, Fig. 4). The Boreal and early 
Atlantic part of this diagram has been omitted here (Fig. 2). The 
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Fig. ‘2. Simplified Emmen I diagram. 


dates on the right side were obtained on the ground of radiocarbon 
measurements of a series of samples from the same raised bog. More- 
over—in order to prevent a possible misunderstanding—the archae- 
ological and palaeobotanical periods have been added to this diagram. 

The Atlantic/Subboreal border is placed at the fall of Ulmus. From 
this level on, indications of the activity of Neolithic farmers can be 
observed in the pollen diagrams from this region. It appeared that 
the increase of Fagus to about 1 % coincides approximately with the 
transition from the Neolithic to the Bronze Age. The Subboreal/ 
Subatlantic border is placed at the first important increase of Fagus 
(up to about 5 %). 


‘THE PREHISTORIC OCCUPATION OF THE EMMEN DISTRICT 


As the influence of man on vegetation is to be discussed in this paper, 
it is necessary to summarize very briefly the prehistoric occupation of 
this region. The interference of man with the natural vegetation 
began in the Neolithic with the settling of the first farmers. In the 
northern Netherlands three Neolithic cultures occurred. The megali- 
thic tombs (hunebedden) ,a relatively large number of which are found 
in the south-eastern part of the Hondsrug, attest the presence of the 
Funnel Beaker Culture. Pottery of the Bell Beaker and Protruding 
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Foot Beaker Cultures—both tumulus-burying cultures—is also known 
from this region (cf. VAN DER Waats and GtasBERGEN, 1955). 
According to present opinion the Neolithic in the northern Nether- 
lands lasted from about 2500 to about 1500 B.C. 

In south-eastern Drenthe a considerable number of bronze objects 
has been found. From the fact that these objects cover the whole of 
the Bronze Age (1500-500 B.C.) it can be concluded that during 
that period this region had continuous habitation (BUTLER, oral 
communication). 

Also from the Iron Age (500 B.C.—400 A.D.) many traces have been 
left in the Emmen district. In addition to the urnfields, which started 
already in the second half of the Bronze Age, and some burial mounds, 
systems of Celtic fields—arable plots—have to be mentioned (ef. 
WIERINGA, 1958, Fig. 5). 


THE DIAGRAMS 


In order to provide a better impression of the composition of the 
forest on the higher soils and of the alterations in the vegetation 
effected by changes of climate or interference of man, the concept 
““Quercetum-mixtum sensu lato’? has been introduced in this paper. In 
this are included Quercus, Tilia, Ulmus, Fraxinus, Fagus, Carpinus, Acer 
and Taxus. In the diagrams the pollen frequencies of these trees are 
shown as percentages of the sum of the “‘Quercetum-mixtum 5.1.” Quan- 
titatively important pollen types which are herewith left out of 
consideration are Pinus, Alnus and Betula. During the Preboreal and 
Boreal the main trees of the forest on the higher soils were Betula 
and Pinus. It was not until the second part of the Boreal and the be- 
ginning of the Atlantic that the components of the classical Quercetum- 
mixtum, namely Quereus, Tilia, Ulmus and Fraxinus, were able to 
expand considerably. For the Preboreal and Boreal period the 
““Quercetum-mixtum s.l.” diagrams certainly would not give a correct 
picture of the forest vegetation. In the first part of the Atlantic the 
composition of the forest was still liable to continuous alteration in 
consequence of the gradual increase of the various deciduous trees. 
It was not until later in Atlantic time that a certain equilibrium in the 
vegetation was reached. 

It is beyond doubt that in the second part of the Atlantic and in 
the later periods Pinus and Betula formed part of the vegetation on 
the poorer soils, although in general their share would not have been 
very important. After a forest clearing, however, Betula would locally 
have shown a considerable increase of a temporary nature (cf. IVERSEN, 
1941). It must likewise be taken into account that Alnus was present 
in the wettest parts of the mixed oak forest. That these trees have 
been left out of the ‘“‘Quercetum-mixtum s.l.”’ is due to the fact that 
locally they played an important part in the bog vegetation. Birch, 
alder and pine were growing on the peat, especially in the border 
zone and along the streams. One may assume that a great part of the 
pollen of Pinus, Betula and Alnus in the post-Boreal peat deposits from 
this region was produced by trees which belonged to the vegetation 
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of the bog. Moreover, Alnus would have been common in the stream 
valleys. For Ulmus and Fraxinus these peaty valleys would certainly not 
have formed a suitable environment. 

The pollen frequencies of the herbs represented in the diagrams 
are expressed as percentages of the sum of the components of the 
“Quercetum-mixtum s.l.”’ It would perhaps have been better to use as 
the basis of calculation the pollen sum of the “‘Quercetum-mixtum s.1.” 
and these herbs. This, however, encountered the difficulty that in 
certain parts of the profiles from Bargeroosterveld and Nieuw- 
Dordrecht a considerable amount of Gramineous pollen has to be 
attributed to a local production. Generally no curves are given here 
for those pollen types which for the greater part would have been 
produced by plants which formed part of the bog vegetation. 

The Corylus pollen frequencies are shown as percentages of the sum 
the ‘“‘Quercetum-mixtum s.l.”” and Corylus. 
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Fig. 3. Key to the symbols employed in the pollen diagrams. 


As this manner of representing the results differs from the usual 
one, new diagrams have been drawn for the profiles from Zwartemeer 
and Emmen (Figs. 6, 7 and 10). For practical reasons nearly all herbs 
have been omitted in these diagrams, whereas from the profiles 
Emmen I and V the lower part, comprising the early Atlantic and 
older periods, has not been given. From the Bargeroosterveld and 
Nieuw-Dordrecht profiles also a traditional tree pollen diagram 
(Corylus included in the 2 AP) is published here (Figs. 4, 8 and 12). 
These diagrams have been simplified in that the components of the 
“Quercetum-mixtum 5.1.” have been taken together here. 


THE FALL OF ULMUS AND THE FIRST FARMERS 


A striking feature in the pollen diagrams from western and north- 
western Europe is the fall of Ulmus. This decline of the Ulmus curve 
is generally accepted as a criterion for defining the border between 
the Atlantic (zone VII in Denmark and Norway, zone VIIa in 
England and Ireland, zone VI and VII according to Frrsas, 1949) 
and the Subboreal (zones VIII, VIIb and VIII respectively). 
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In the diagrams from Denmark published by Iversen (1941) the 
recession of Ulmus coincides with an important decrease of Hedera. 
As this behaviour of Hedera is ascribed to a deterioration of climate 
after the post-glacial optimum (Iversen, 1941, 1944), it may be 
supposed that the decrease of Ulmus was due to the same factor. 
Also the circumstance that this phenomenon can be observed in so 
many diagrams would be in favour of a climatological cause. This 
the more as a number of radiocarbon datings suggests that in a large 
area the fall of Ulmus was a more or less synchronous phenomenon 
that can be dated at about 3000 B.C. (see Table I). 

However, a climatological explanation for the decrease of Ulmus 
encounters difficulties. In the Danish diagrams Fraxinus shows a not 
unimportant increase simultaneously with the fall of Ulmus. For that 
reason Iversen supposes that it was Ulmus carpinifolia which as a 
consequence of the change in climate disappeared partly or wholly 
from Denmark. Ulmus carpinifolia, whose northern limit lies in 
Schleswig-Holstein, shows in ecological respect much resemblance 
with Fraxinus excelsior. The latter, however, ranges farther to the 
north-east, indicating that this tree can bear a more raw climate than 
Ulmus carpinifolia. 

A serious drawback in the study on the behaviour of Ulmus in 
prehistoric times is that it has hitherto been impossible to separate 
the pollen of the various elm species. For that reason the palynological 
investigation cannot show the share of each Ulmus species in the 
pollen rain. 

Concerning Norway, where undoubtedly only Ulmus glabra is the 
elm species in question (cf. HarsTen, 1956, p. 79), the diagrams from 
the relatively continental Oslo Fjord area show a descent of Ulmus 
that is also accompanied by an increase of Fraxinus. In northern and 
north-eastern Europe Ulmus glabra exceeds the limit of Fraxinus 
excelsior. For that reason it is difficult to imagine that Fraxinus would 
have been able to expand during a deterioration of climate of a 
nature that could cause a decline of Ulmus glabra. 

In extremely oceanic western Norway the fall of Ulmus is even 
coupled with an increase of Tilia and Hedera (FaxEcri, 1940, 1944a, 
1944b). In the post-glacial pollen diagrams from Ireland—where 
probably also only Ulmus glabra has to be considered—a marked 
decrease of Ulmus can be observed (MircHeE 1, 1951, 1956), although 
Hedera does not show a decline at the same time (Gopwin, 1956, 
Fig. 50). Also in the Emmen district the fall of Ulmus is not attended 
by a decrease of Hedera (cf. Fig. 14). 

Thus, in the diagrams from various regions one observes a descent 
of Ulmus, but no decrease of Hedera. In view of the present distribution 
of Ulmus glabra and Hedera it is not likely that a deterioration of 
climate could cause a recession of this elm species without effecting 
ivy. Consequently, in the regions, where there can only be a question 
of Ulmus glabra, a climatological factor can hardly be held responsible 
for the fall in the Ulmus curve if there is no decline of Hedera. 

Gopwin (1956) put forward the suggestion that it could have becn 
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an increase of late spring frost that caused the fall of Ulmus. According 
to this author MELVILLE was able to demonstrate that fruit formation 
in the British species of elm is very susceptible to late spring frost 
once the flowers are open. It is Ulmus glabra, the latest-flowering 
British elm, which appears to escape late frost damage most frequently. 
This, however, cannot have been the factor that caused the fall of 
Ulmus at the beginning of the Subboreal, as at the same time Fraxinus 
—which is also very susceptible to late spring frost—shows an expansion 
in various areas. 

Farcrti (1944b) has pointed to the effect of the activity of prehistoric 
man on the production of Ulmus pollen. Especially the leafy branches 
of the elms would have been cut in order to give them to the cattle. 
Until recently the foliage of various kinds of trees was used as cattle 
fodder in mountainous regions with a serious shortage of grass. In 
remote areas, among others in Norway, this custom is still practised 
(cf. Ve, 1930; BRockKMANN—JEROsCH, 1918). Heavy pruning of the 
trees promotes the sprouting of new shoots, which can then be harvest- 
ed again after some years. BROCKMANN—JEROSCH (1918) reports that 
the foliage of Ulmus and Fraxinus is the most suitable for cattle fodder; 
in second place comes that of Quercus, Acer, Tilia and others. According 
to this author many kinds of trees can be utilized as cattle fodder. 
Ve (1930) mentions that in Springtime in Norway even the still 
leafless twigs of the elm were cut in order to serve as food for the cows. 

TROELS—SmiTH (1953, 1955) carried out extremely detailed palyn- 
ological investigations of the first farmers both in Switzerland (Michels- 
berg and Early Cortaillod Culture) and in Denmark (Ertebelle 
Culture). On the basis of the very low percentages of Plantago lanceolata 
this author arrives at the conclusion that little or no pasture land was 
available for the cattle. The domestic animals would have been kept 
in stalls or at least within an enclosure. For feeding the cattle people 
depended to a high degree on the foliage of various trees. Confirmation 
of this hypothesis is provided by the results of archaeological in- 
vestigations in Switzerland. At the excavation of a settlement near 
Robenhausen, leaves of deciduous trees and twigs of the silver fir, 
likewise very suitable as cattle fodder, were met with (HEER, 1865, p. 7). 
The investigation of the settlement from Thayngen-Weier near 
Schaffhausen, which belongs to the Michelsberg Culture, brought to 
light the leafy shoots of elm, birch, oak, lime and maple (Guyan, 
1955, p. 262). Consequently, Troels-Smith ascribes the fall in the 
Ulmus curve, which both in his Danish and Swiss diagrams can be 
seen at the level where the first indications of a farmer culture appear, 
to the interference of Neolithic man. 

In the Bargeroosterveld I diagram (Fig. 5) Plantago lanceolata 1s 
very scarce between samples 20 and 35, whereas the pollen of cerealia 
is present. In sample 19 a pollen grain of Plantago major was met with. 
Simultaneously with the appearance of these indicators of a farmer 
culture the elm curve shows a recession. The same can be observed 
in other diagrams from this region (Figs. 6 and 7). , 

Undoubtedly the agricultural practices of the first farmers in 
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Drenthe would have shown a great similarity to those in Denmark and 
Switzerland described by Troels—Smith. In order to obtain arable land 
people had to make a forest clearing. The size of the fields would have 
been relatively small. When, after some time, the soil became ex- 
hausted, another part of the forest was cleared, whereas on the 
abandoned field the wood could regenerate. The probably not very 
numerous livestock would have been allowed to graze on the open 
places around the settlement—as the abandoned fields—and perhaps 
also in the forest. An important cattle fodder was constituted by the 
leafy branches of various deciduous trees. 

From the fact that in the Bargeroosterveld I diagram the Ulmus 
percentages again attain their original value between samples 29 and 
35, it may perhaps be concluded that at that time these surroundings 
were unused or at least less intensively utilized. 

In the part of the Bargeroosterveld I diagram discussed up to 
now the course of the curve for Tilia shows much resemblance to 
that for Ulmus. For that reason one will ask whether this is to be 
ascribed to the cutting of the branches of the lime. It has already 
been noted that in the diagrams Emmen I and V, which provide a 
general picture of the vegetational history of the whole Emmen 
district, a marked decrease of Ulmus can be seen at the appearance of 
the first pollen grains of Plantago lanceolata. However, in neither of 
these diagrams is the decline of Ulmus attended by a recession of Tilza. 
The fact that generally one observes only a fall of Ulmus can perhaps 
be explained in the following manner. VE (1930) reports that Fraxinus 
flowers again 2 to 3 years after the cutting of the leafy branches, and 
that after 4 years this‘tree shows an abundant fruit formation. New 
shoots of the lime flower aftér about 4 years. Those of the elm, on 
the other hand, are unable to produce flower buds in less than 7 or 
8 years, and before that time they are mostly cut again. Concerning 
the other deciduous trees in this respect the present writer has no data 
at his disposal. If, however, the new shoots of these trees are able to 
flower after about 4 years, it would be understandable that in con- 
sequence of the cutting of leafy branches by prehistoric man the share 
of Ulmus in the pollen rain would decrease considerably more than 
that of the other trees. 

As already mentioned, the Bargeroosterveld I diagram does show 
a reaction of Tilia to the activity of the first farmers. From the fact 
that in the lower part of this diagram the Tilia percentages are 
about twice as high as those in the corresponding part of the diagrams 
Emmen I and V it can be concluded that in Atlantic time the forest 
within a short distance of the Bargeroosterveld profile was particularly 
rich in lime. It is not impossible that in this forest type lime was the 
dominant tree. 

The course of the curve for Tz/za could point to a certain predilection 
of the first farmers for this lime-rich forest, that their settlement 
was situated within it. The making of clearances in this local forest 
type can to a certain extent be held responsible for the temporary 
decrease of Tilia. Herewith it has to be considered that the cultivated 
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area would not have been great, but that after the exhaustion of each 
plot of arable land another part of the forest would have been cleared. 
Moreover, the gathering of cattle fodder would have played a part. 
Obviously, in the immediate surroundings of the settlement the 
cutting of branches would have been more intensive than in forests 
somewhat further away. 


One may ask whether the decline of Ulmus—aif it was the effect 
of human interference—can be maintained as a criterion for defining 
the Atlantic/Subboreal border. Although theoretical objections can 
be raised, it is likely that in practice the recession of Ulmus can indeed 
be so used, at least in western and north-western Europe. The radio- 
carbon dates published so far suggest that the fall of Ulmus was a 
rather synchronous phenomenon in that area (see Table I). 


TABLE I 


Radiocarbon dates of the decline of Ulmus. The last two dates are of culture 
layers of the Ertebolle and Early Cortaillod Cultures respectively. 


Germany: 
Tannenhausen, Ostfr. | 3030-+120 B.C. ) es | Groune, 1957a 
Netherlands: | start of the | 

Vriezenveen, Overijsel | 3030+140 B.C. \ decline of Ulmus | FLORSCHUTZ, 1957 
Emmen, Drenthe | 30104135 B.C. | pes | es eal dyin 
England: | end of the | Gopwin, WALKER 
Scaleby Moss, Cumberl. | 3015-+ 70 B.C. | decline of Ulmus | & Wits, 1957 
Denmark: : 

Aamosen, Zealand 2620+ 80°B.C. y at some distance | TRorts—SmituH, 1956 
Switzerland: | a above the fall 
Egolzwil, Lucerne 2740+ 90 B.C. S of Ulmus 


TROELS—SmITH, 1956 


Although, then, this behaviour of Ulmus seemingly cannot be 
credited to a climatological cause, it still marks a change in climate 
in western and north-western Europe. For, it will be difficult to 
explain the decrease of Hedera—which in various regions took place 
simultaneously with the fall of Ulmus—otherwise than as the effect 
of an alteration of climate. 

It is not impossible that in the loss area of central Europe the fall 
of Ulmus took place even before 3000 B.C. From about 4000 B.C. 
this area was occupied by the farmers of the Bandkeramik Culture. On 
the basis of the results of botanical investigations one may assume 
that agriculture had already reached a high level among these farmers 
(cf. RoTHMALER, 1956). Moreover, some cattle was raised, as appears 
from the rather scarce finds of bones (cf. BuTTLER, 1938, pp. 53-4). 
The farming practices of this people would not have differed much 
from those of the first farmers in Switzerland and Denmark. For that 
reason one has to take into account the possibility that in the loss area 
of central Europe—which is poor in peat deposits—the decline of 
Ulmus may have taken place before 3000 B.C. 
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The stratigraphical position of the Neolithic trackway (cf. p. 156) is 
indicated by a black rectangle on the left side. 
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THE INFLUENCE OF NEOLITHIG HERDSMEN ON THE VEGETATION 


Sample 36 in the Bargeroosterveld I diagram shows a comparatively 
high value for Plantago lanceolata, which in the next samples decreases 
again. This is the Jandnam type described by Iversen (1941). A rather 
large area was cleared with the help of axe and fire. On a small part 
of the clearing cereals would have been cultivated, whereas the rest 
would have been used as grazing land for the numerous cattle. In 
contrast to the farmers described on p. 160, these new immigrants were 
herdsmen. In addition to Plantago lanceolata, Rumex shows an increase 
in the Bargeroosterveld I diagram. Reasonably one might expect 
an increase of Gramineous pollen; in fact, perhaps because it is 
masked by the pollen of the grasses growing on the peat, no such 
reaction can be seen at this level. Other plants which can be expected 
in grassland as Ranunculus, Compositae, Succisa and Caryophyllaceae, do 
not show an increase. On the other hand, from now on the pollen of 
Trifolium repens, Hypericum cf. perforatum and Solanum nigrum is present. 
Trifolium repens is a typical grassland plant which—if not introduced 
by these herdsmen—at any rate was able to expand now. 

Concerning the regeneration of the forest after the landnam, in the 
Bargeroosterveld I diagram only a rather small increase of Corylus 
can be observed in samples 36 to 40. Nothing can be seen of a probable 
reaction of Betula, certainly on account of the fluctuating local 
production of the pollen of this tree. Thus, in the tree pollen diagram 
from this profile (Fig. 4) a Betula maximum is present in sample 34. 
From that level a gradual decline of Betula takes place up to sample 
38, whereas directly above sample 35 a maximum could be expected. 

A clear reaction to this landnam is shown by Tilia. From sample 
37 a steep decline in the Tilia curve can be seen. Thereafter, one 
observes a gradual regeneration of the lime, but from sample 46 
onwards the pollen frequencies of Tilia again decrease. The increase 
of Corylus in samples 43 to 46 indicates that again forest clearing and 
subsequent regeneration of the forest took place in the Bargeroosterveld 
area. The fact that the values for Plantago lanceolata remain low—in 
sample 45 not a single pollen grain of plantain was met with— 
suggests that the herdsmen did not attack the wood in the immediate 
surroundings of the Bargeroosterveld profile. When the third wave 
of large-scale forest clearance blew over this area—this time charac- 
terized by a marked increase of Corylus, Plantago lanceolata and Gramineae 
—lime had not yet recovered, so that there could now be no question 
of a decline of this tree. 

After the period of successive forest clearings, a certain recovery 
of Tilia took place in this area. This appears from a diagram not 
published here which joins that from Bargeroosterveld I. In that 
diagram Tilia again reaches relatively high values, but with the 
increase of human activity the percentages for this tree fall to in- 
significance. 

The reaction of Tilia to the interference of man is very clearly 
shown in the diagram from Nieuw-Dordrecht (Fig. 9). In samples 11 
to 22 the values for Plantago lanceolata are relatively high. This indicates 
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that there was a continuous activity of the herdsmen already mentioned 
on the boulder clay ridge at the southern point of which the samples 
for the diagram from Nieuw-Dordrecht were collected. The high 
value for Plantago lanceolata in sample 11, which among other things 
is accompanied by a relatively high percentage for Trifolium repens, 
suggests that at that time the immediate vicinity of this peat profile 
was cleared. Just above the level of the trackway (cf. p. 156) the 
values for plantain fall considerably. The share of Tilia in the forest 
vegetation on this boulder clay ridge had diminished regularly from 
sample 11 onwards. In samples 21 and 22 the percentages for lime 
show a minimum. After that Tilia again increases and relatively 
high percentages can be observed in samples 31 to 33. From sample 34 
Plantago lanceolata shows a new rise, and at the same time a marked 
fallin Tilia takes place. Between samples 39 and 45, with comparative- 
ly low values for Plantago lanceolata, lime is recovering in some degree, 
only to decline again at the next increase of plantain. 

The diagram from Nieuw-Dordrecht once more shows clearly that 
at least in Subboreal time it was man who first of all must be held 
responsible for the decline of Tilia in this region. 

On the basis of his investigations in the raised bog of Gifhorn 
in central Germany, OveRBECK (1952) arrives at the conclusion that 
there is a correlation between the humidity and the behaviour of 
Tilia. In the diagrams from Gifhorn, Tilia shows a fall during the 
hygroclinous phase in Overbeck’s zone IX. In the xeroclinous first 
part of zone X this tree again increases, to reach finally low values 
in the next hygroclinous phase. Concerning the Emmen district the 
following can be remarked in this connection. In the unpublished 
diagram from Bargeroostérveld mentioned above, Tilia attains 
relatively high values at the beginning of the last part of the Subboreal. 
That is the part in which Fagus shows somewhat higher values (cf. 
Fig. 6, samples 33 to 41). Just at that time the rainfall must have 
increased (cf. p. 176). But in spite of the increased humidity Tzlia was 
able to show a certain recovery, so that, at least in this region, there are 
no direct indications for a correlation between the degree of humidity 
and the behaviour of lime. If there was such a relation, it was absolutely 
overshadowed by the influence of man. 

During the Subatlantic the Tila percentages show a further decline. 
The curve becomes discontinuous even if a comparatively large 
number of pollen grains is counted in each sample (Fig. 10). It is 
difficult to decide what was the share of man and of climate in the 
virtual disappearance of Tilia from this region. Although at the 
moment the temperature conditions are still amply sufficient for 
Tilia cordata, it is possible that the decrease of temperature together 
with the leaching of the soil has effected a recession of lime. 


COMPARISON WITH SPECTRA FROM NEOLITHIC GRAVE MONUMENTS 


Thus, in the Bargeroosterveld I diagram two Neolithic landnam 
types can be observed; below, that of a farmer culture; above, that 
of herdsmen. It is interesting to compare these results with those 
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of the palynological investigation of samples from burial monuments 
of the three Neolithic cultures mentioned on p. 158. As WATERBOLK 
(1956) has recently published a survey of pollen spectra from Neolithic 
grave monuments in the northern Netherlands, a few words will 
suffice here. 

As might be expected, the tree pollen frequencies do not show 
great variations in the samples from the three different groups, in 
contrast to the percentages for various herbs. In Fig. 11 the frequencies 
for Gramineae, Plantago lanceolata and Rumex in a number of barrow 
samples are represented. These are shown as percentages of the total 
tree pollen sum, Betula excluded. From this it appears clearly that 
the spectra from barrows which belong to the Protruding Foot Beaker 
Culture are characterized by high values for these herbs. There can 
be no doubt that the relatively high percentages for Plantago lanceolata 
which in the Bargeroosterveld I diagram occur from sample 36 
onwards are to be ascribed to the activity of the people of the Protrud- 
ing Foot Beaker Culture. The dating of about 2200 B.C. for this 
level agrees well with the results of some radiocarbon measurements 
of charcoal from barrows of this culture. It has already been mentioned 
that in the part of the Bargeroosterveld profile with the relatively 
high values for plantain some pollen grains of Solanum nigrum were 
met with. It is not impossible that it was the nomadic herdsmen of 
the Protruding Foot Beaker Culture who brought Solanum nigrum 
with them. 

The farmers to whose activity the low values for Plantago lanceolata 
after the decline of Ulmus have to be ascribed belong to the Funnel 
Beaker Culture. The Bell Beaker Culture cannot come into considera- 
tion as this people did not arrive here before about 2200 B.C. Accord- 
ing to the radiocarbon dating of the decline of Ulmus in the Emmen 
region the first farmers settled at about 3000 B.C. On archaeological 
grounds, however, this date is considered too early for the beginning 
of the Funnel Beaker Culture in this area (LUUpIkK—Kag.as, 1955). 
For that reason the possibility of a pre-megalithic farmer culture 
cannot be excluded. 

The activity of the farmers of the Bell Beaker Culture does not 
find expression in the pollen diagram in consequence of the dominating 
influence of the herdsmen of the Protruding Foot Beaker Culture. 


THE BARGEROOSTERVELD II DIAGRAM 


Fig. 13 gives an impression of the activity of Bronze Age man in 
the Bargeroosterveld area. The course of the curve for Plantago 
lanceolata suggests that a landnam of the type described by Iversen 
was not practised. Emphasis would have been on agriculture, whilst 
cattle would have been allowed to graze on the open places and 
probably also in the forest. That abandoned fields were used as 
grazing land appears among other things from the high percentages 
for Plantago lanceolata met with in old surface samples from some 
Bronze Age barrows in the vicinity of Hijken (VAN Zerst, 1959a, 
Table II). The barrows concerned were built on old arable. In view of 
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the dark humous layer which had been formed on top of the arable 
soil, the fields in question must have been abandoned a fairly long 
time before the construction of the barrows. Agricultural practice 
during the Bronze Age would in many respects have resembled that 
of the Neolithic farmers of the Funnel Beaker Culture. On account 
of the exhaustive cultivation which was already practised from the 
beginning of the Neolithic, the conditions for the regeneration of the 
forest became more unfavourable. In the Bronze Age an expansion 
of the heather took place. For the present, however, there was no 
question of large heath lands, which did not originate before mediaeval 
time. 

In the late Subboreal part of the Bargeroosterveld II diagram 
(Fig. 12, sample 31) a Vitis pollen was met with. One pollen grain 
of Vitis could be counted also in the Bronze Age part of the profile 
from Bargeroosterveld not published here. Moreover, WATERBOLK 
discovered a pollen grain of Vitis in the late-Subboreal part of another 
profile from the same raised bog (oral communication). These scarce 
pollen finds of Vitis suggest that the grape was cultivated here at 
least during the Bonze Age. 


In the Iron Age and perhaps already in the later part of the Bronze 
Age more or less permanent arable plots, “Celtic fields”, came into 
use. The increase of the values for Plantago lanceolata in the topmost 
part of the Emmen I diagram (Fig. 6) and the comparatively high 
percentages for this plant in the lower part of the Zwartemeer diagram 
(Fig. 10) suggest a more dense population than during the Neolithic 
and the Bronze Age. 

From the investigation of the content of the intestines of some 
peat burials (HELBAEK, 1950; Branpr, 1950) it appeared that in 
addition to cereals, various herbs as Polygonum aviculare and lapath- 
folium, Chenopodium album and Spergula arvensis were eaten by Iron 
Age man. Besides, during that time the oil-containing seeds of Linum 
usitatissimum and Camelina sativa served as food for man. 


THE BEHAVIOUR OF FAGUS IN RELATION TO THE HUMIDITY 


In the foregoing the behaviour of Tilia and Ulmus during the 
second part of the post-glacial in the Emmen area was discussed. 
We may now consider the other trees of the “Quercetum-mixtum s.l.” 
Concerning the immigration and expansion of Fagus in south-eastern 
Drenthe the following can be remarked. At the end of the Atlantic 
the first pollen grains of beech appear in peat deposits from this area. 
During the greater part of the Subboreal, pollen of this tree is regularly 
met with, provided that a comparatively large number of tree pollen is 
counted in each sample. As in general the pollen of Fagus 1s not 
transported over a long distance and, moreover, this tree 1s under- 
represented in the pollen spectrum, it can be assumed that during the 
first part of the Subboreal the beech was really present in the northern 
Netherlands, although for a long time it remained rare. Apparently 
at that time the climate was not very favourable for the beech, so 
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that this tree remained confined to those spots which in edaphic 
respect were most suited. 

A first, but still small expansion of the beech took place in the 
last part of the Subboreal. In the diagrams in which all trees are 
included in the tree pollen sum, this increase of Fagus is from about 
0.3 to 1 %. This level corresponds with the beginning of the continuous 
Fagus curve in most diagrams from north-western Germany. It is 
notable that this increase of Fagus coincided with an increase of 
precipitation in this area. From the level where Fagus shows the increase 
mentioned above, the formation of slightly humified Sphagnum cusp- 
datum peat (Vorlaufstorf) started at various places in the raised bog 
from south-eastern Drenthe. The Sphagnum cuspidatum peat does not 
form a continuous layer over the whole raised bog, but was deposited 
in more or less lens-shaped layers. This indicates that the formation 
of this type of peat took place in pools or at least on very wet spots of 
various sizes. The only reasonable explanation for this phenomenon 
is an increase in precipitation, on account of which the conditions for 
the growth of Sphagnum cuspidatum became favourable in the depressions 
on the surfase of the bog. 

A further indication for an increase of precipitation can be seen in 
the development of a podzol profile under a heather vegetation. 
In spite of the sometimes fairly high Calluna percentages a heather 
podzol is only exceptionally met with below Neolithic grave monu- 
ments. As such exceptions can be mentioned a megalithic tomb near 
Détlingen in Oldenburg (PATzop, 1956) and a Neolithic tumulus 
(with a Bell Beaker and a Grand Pressigny flint dagger) near Witrit, 
province of Noord-Brabant (BEEx, 1957). On the other hand, below 
grave monuments from the*Bronze and Iron Age a heather podzol 
is generally present even if the Calluna percentages are sometimes 
rather low. In this connection it has to be remembered that the 
increase of Fagus we are now discussing coincided approximately 
with the transition from the Neolithic to the Bronze Age. 

A further increase of Fagus was preceded by another indication 
of a changing climate. Just before the rise of Fagus in the raised bog 
of south-eastern Drenthe the conditions for the formation of fresh 
Sphagnum imbricatum and papillosum peat became favourable. Especially 
the expansion of Sphagnum imbricatum suggests that at that time the 
moisture of the peat was very high. It is not unlikely that it was not 
so much a further increase of precipitation as a fall of the temperature 
which effected an increase of humidity. However that may be, the 
reaction of Fagus to the increased humidity was a considerable 
expansion. Yet it was not until later that this tree reached its maximal 
values. This can be seen in the Zwartemeer diagram (Fig. 10), in 
the upper part of which the percentages for Fagus are generally higher 
than in the lower part. It is probable that it was a further increase of 
humidity which again effected this last increase of Fagus. This may 
perhaps be concluded from the fact that now the formation of fresh 
Sphagnum peat was in full swing even in the very small raised bogs 
(cf. WaATERBOLK, 1950). In this respect it must be noted that in 
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consequence of the relatively good drainage the edaphic conditions 
for the formation of fresh Sphagnum peat are not very favourable in 
these small bogs. 

The possibility that beech was also enabled to expand in consequence 
of the activity of prehistoric man has to be considered here. The 
beech might have taken advantage of forest regeneration on the aband- 
oned fields. It is clear that in a regenerating vegetation the chances 
for an expanding species are greater that in a dense forest. If this 
had been so, a considerable increase of the beech might be expected 
during the presence of the herdsmen of the Protruding Foot Beaker 
Culture. For it was these nomads who cleared large parts of the 
forest, so that during the regeneration of the wood the beech would 
have been able to expand. This did not, however, happen, or at best 
very locally. It is true that in the part of the Bargeroosterveld I diagram 
(Fig. 5) that reflects the activity of the herdsmen of the Protruding 
Foot Beaker Culture—from sample 36 onwards—the Fagus percent- 
ages are slightly higher than previously. However, the diagrams 
Emmen I and V (Figs. 6 and 7) do not show a similar increase of 
Fagus at the corresponding level. Consequently, in the northern 
Netherlands a general increase of Fagus during the period that the 
people of the Protruding Foot Beaker Culture lived here is out of the 
question. The rise of Fagus took place in the Bronze and Iron Age, 
and just in these periods much smaller areas were cleared at one time. 
Besides, in that period a part of the abandoned fields passed into 
moorland. 

In this region the expansion of Fagus was therefore certainly not 
the direct effect of the activity of man. Moreover, if it had been, 
a more gradual rise of Fagus could be expected, whereas the expansion 
of beech actually took place in a series of jumps. 

Concerning the influence of prehistoric man on the living conditions 
of beech, it may be noted here that a considerable decline of Fagus 
in Switzerland is ascribed to the activity of Neolithic farmers 
(TRoEts—SmitH, 1955). 

Summarizing, it can be remarked that in south-eastern Drenthe 
there must have been a close correlation between the increase of 
humidity and the expansion of Fagus. It appears as if the increasing 
humidity favoured beech in a direct way. The leaching of the soil, 
which would have become stronger in consequence of the increase 
of the humidity, would certainly not have been in favour of the beech. 
Especially near the border of its areal, this tree makes rather high 
demands on the soil. . 

In the Emmen region the expansion of Fagus was not directly at 
the expense of Tilia and Ulmus (cf. Firsas, 1949, p. 182). The diagrams 
from this area show first an important decline of Ulmus and Tilia 
in consequence of which the share of the oak in the forest increased. 
At the level where Fagus strongly increases, the Tilia values are already 
very low, whereas during the expansion of Magus, Ulmus maintains 
itself at a certain percentage or at best shows a slight decline. It was 
the oak at whose expense the beech expanded. 
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CARPINUS, TAXUS AND ACER IN THE PROFILES EXAMINED 


The Zwartemeer diagram (Fig. 10) shows clearly the increase of 
Carpinus in Subatlantic time. During a rather long period, from about 
1000 B.C. up to the beginning of the era, this tree was present here 
in relatively small numbers. After that some expansion took place, 
although the hornbeam never became as numerous as the beech. It 
seems that in western Europe the climatological conditions also 
became more favourable for Carpinus in the course of the Subatlantic. 


As at first the pollen of Taxus was not distinguished, the time of 
the first appearance of this tree in the northern Netherlands is not 
yet known with certainty. On the basis of the Bargeroosterveld I 
diagram (Fig. 5), Taxus would have reached this area in the last part 
of the Atlantic. In contrast to the beech, which arrived here at 
about the same time, Taxus does not show an increase in any period. 
During the whole Subboreal and Subatlantic the Taxus percentages 
remain very low. However, it is not unlikely that its share in the 
forest vegetation was more important than the low percentages in 
the pollen diagram suggest. The sometimes numerous stumps of Taxus 
discovered beneath peat deposits point to this. A survey of these 
finds is given by Firpas (1949, p. 270). This author arrives at the 
conclusion that in north-western Germany Taxus was present at least 
at the transition from the Atlantic to the Subboreal. This is not in 
contradiction with the Bargeroosterveld I diagram, which shows the 
first pollen grains of Taxus in the upper part of the Atlantic. 

Prehistoric man knew the excellent qualities of Taxus wood, as is 
shown by the shaft for an adze discovered at the excavation of the 
trackway of Nieuw-Dordrecht (¢f. p. 156). Radiocarbon measurement 
of a sample of wood from this trackway dates this object to about 
1885 B.C. 


Pollen of Acer appears in the first part of the Atlantic. Of the three 
Acer species now found in western and north-western Europe, Acer 
campestre is indigenous in the Netherlands, whereas Acer pseudo- 
platanus seems to be native at least in a part of the country. The 
western limit of Acer platanotdes lies to the east of the eastern border 
of the Netherlands (cf. Gams, 1924). As it has thus far appeared 
impossible to separate the pollen of the various Acer species, palyn- 
ological investigation cannot show which species cf this genus grew 
here in earlier times. It must, however, be noted that under the 
remains of a house of the 6th to 7th century B.C. near Jemgum, 
5 km to the north-west of Leer, a piece of wood of Acer pseudo-platanus 
was found by Groune (1957b). From this it may be concluded that 
at that time Acer pseudo-platanus would have occurred likewise in the 
northern Netherlands. As with Taxus the Acer percentages remain 
very low. 

Acer platanoides is a subcontinental species (Firpas, 1949, p. 185), 
so that it is likely that at least during the post-glacial this tree did 
not occur in the Netherlands, assuming that the Subboreal did not 
have a comparatively continental character (see below). 
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HEDERA, VISCUM AND ILEX IN THE EMMEN DISTRICT 

Finally, the occurrence of Hedera, Viscum and Ilex in the pollen 
diagrams presented in this paper will be discussed. On-the basis of 
the present distribution of Hedera, Viscum and Ilex and the temperature 
data of a number of meteorological stations relevant to this purpose, 
IversEN (1944) was able to construct thermal correlation diagrams 
for each of these plants. Therewith it was assumed that the mean 
temperature for the warmest and coldest months provides a good 
idea of the course of the temperature during the whole year. Iversen 
could demonstrate that the northern and eastern limit of these plants 
is determined by the temperature. The occurrence of Viscum appears 
especially to be dependent on the mean temperature during the 
warmest month. This plant can endure fairly much cold during the 
winter. This in contrast to Jlex and Hedera, for which the mean 
temperature of the coldest month rather quickly becomes a limiting 
factor. On the other hand, these plants are able to thrive at lower 
summer temperatures than Viscum. 

From the frequencies of Hedera, Viscum and Ilex in the material 
studied by him, Iversen concluded that during the Atlantic the mean 
January and July temperatures were 0.5° and 2°C higher than 
nowadays. During the Subboreal the mean January temperature 
would have been 1° C lower and the mean July temperature 2° C 
higher than at present. Consequently, the Subboreal climate would 
have had a more continental character than that of the Atlantic and 
Subatlantic. The greater part of the material studied by Iversen was 
collected in Djursland, in eastern Jutland, with mean January and 
July temperatures of 0° and 16° C respectively. 

However, the results of HarsTen (1956, 1957) in the rather contin- 
ental Oslo Fjord area could point to a somewhat different course 
of the temperature. In that area the temperature conditions are such 
that at present Hedera and Viscum cannot grow there. In the Atlantic 
and also in the Subboreal, Hedera and Viscum were present in the 
Oslo Fjord area, although for the latter period the percentages are 
considerably lower. Hafsten arrives at the conclusion that at present 
the mean January temperature must be at least 2° C lower than 
during the Atlantic and the Subboreal. A more continental Subboreal, 
compared with the present climate, can hardly have been the case in 
the Oslo Fjord area. The behaviour of Hedera and Viscum in that area 
can only be explained by assuming a more or less gradual decrease 
both in the summer and the winter temperature. 

Now, Iversen’s ‘‘continental” Subboreal is mainly based on the 
fact that in his material Jlex is totally lacking. He assumes that in 
the Atlantic this plant did not yet reach Djursland, whereas during 
the Subboreal the climate, that is to say the winter temperature, 
would have been too unfavourable for Jlex. The fact that //lex pollen 
was not found in the Subatlantic material is ascribed by Iversen to 
the relatively small number of pollen grains counted from this period. 
In this connection it has to be remembered that nowadays Ilex is 
present in Denmark. 
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On the other hand, one has to take into account the possibility 
that the absence of Ilex was not so much due to climatological as 
to ecological factors; that this tree did not get the chance to establish 
‘tself in the dense forests on the fertile moraine soils of Djursland. 
If a gradual fall in both the summer and the winter temperature 
is also assumed for Denmark, the considerable decline of Viscum 
*n the course of the Subboreal can better be understood. On the 


TABLE I 
Occurrence of Hedera, Viscum and Ilex in the profiles discussed in this paper. 
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* The upper part of the Bargeroosterveld I diagram is not published in this 


paper. 


ground of Iversen’s hypothesis practically no decline of Viscum might 
have been expected during the Subboreal. 

From the occurrence of Emys orbicularis (DEGERBOL and Kroc, 1951) 
and some insects as Potosia spectosissima (JOHNSEN and Kroc, 1948) and 
Cerambyx cerdox (THOMSEN and Kroc, 1949) in Subboreal deposits from 
Denmark, it may be concluded that during that period the mean July 
temperature must have been at least 18° C there. If the hypothesis 
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put forward above is correct, during the Atlantic the mean temperature 
for the warmest month in most parts of Denmark must have been 
still higher (cf. Iversen, 1944, Fig. 9). 

Concerning the gradual fall of the temperature after the climatic 
optimum in the Atlantic, this “gradual” is not to be understood too 
literally. Undoubtedly there would have been minor oscillations, in 
consequence of which the general decline of the temperature might 
have been intensified, weakened or even totally reversed. On account 
of the influence of the sea, the fall of the temperature would have 
been of less importance in oceanic regions than in more continental 
areas. 

The data concerning Hedera, Viscum and Ilex from the profiles 
discussed in this paper are represented in Table II. The average pollen 
frequencies for these plants are shown as percentages of the sum of 
Quercus, Tilia, Ulmus, Fraxinus, Fagus and Carpinus. The total number 
of tree pollen counted in this material is about 380 000. It appeared 
useful to divide the Subboreal into two parts. In the lower part 
(Subboreal 1) the Fagus percentages are very low, in the upper one 
(Subboreal 2) Fagus shows somewhat higher values (about | °% in the 
diagrams in which all trees are included in the tree pollen sum). 
At present the Emmen district has mean January and July tem- 
peratures of about 1° and 16°C respectively (BRaaxk, 1950). 

The Hedera percentages in the diagrams Emmen I and V do not 
show great mutual differences. The graph of Fig. 14 is drawn from the 
data of both these diagrams, and completed with the results of the 
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Fig. 14. Graph of the Hedera values in the diagrams Zwartemeer, Emmen I and V. 


Zwartemeer profile for the Subatlantic. As in the first part of the 
Subatlantic the percentages for Hedera are somewhat higher than in 
the later phases of this period the Subatlantic part of the Emmen I 
diagram is nct included in this graph. ; 

In the diagrams Emmen I and V there is no question of a fall of 
Hedera at the transition from the Atlantic to the Subboreal. This is 
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clearly shown in the graph. On the other hand, the Atlantic part of 
the Bargeroosterveld I diagram does show a considerably higher 
Hedera value than the next periods. However, this relatively high 
Hedera percentage is to a large extent effected by 13 pollen grains 
of this plant counted in the lowermost 5 samples. If these samples 
are left out of consideration (the values in brackets) the Hedera 
percentage in the last part of the Atlantic does not longer show a 
significant difference with that in the next period. Very probably 
the relatively high Hedera value in the lower samples from this profile 
reflects a very local occurrence of this liane. That in general the 
Hedera values in the diagrams from Bargeroosterveld and Nieuw- 
Dordrecht have a more local character appears also from the circum- 
stance that in these diagrams the Hedera percentages in the first 
part of the Subboreal are considerably lower than in the diagrams 
Emmen I and V. Undoubtedly the Emmen diagrams give a better 
reflection of the behaviour of Hedera in the Emmen district than those 
of Bargeroosterveld and Nieuw-Dordrecht. In these latter diagrams 
little or nothing can be seen of the fall of Hedera which is very pro- 
nounced in the graph of Fig. 14. 

That Hedera does not show a decline at the transition from the 
Atlantic to the Subboreal need not mean that here no change of 
climate had set in at that time. A plant will not react to a change 
in its environment before a critical point has been reached. Thus it 
is possible that at first the fall in temperature had no influence on 
the frequency of ivy in the northern Netherlands. 

Concerning the marked decline of Hedera in the last part of the 
Subboreal, this could indicate that the fall in temperature had now 
proceeded so far that Hedera decreased. On the other hand, it is 
perhaps possible that the increased precipitation in the last part 
of the Subboreal (cf. p. 176) affected unfavourably the dispersal of 
the pollen of Hedera. For this plant flowers in the Autumn, during 
which season there would undoubtedly have been much rain. 

The further decline of Hedera in the Subatlantic agrees with the 
behaviour of this plant in the other parts of western and north- 
western Europe. 


The Viscum values in the diagrams from the more central part of 
the raised bog are so low that on the ground of the available material 
it is not possible to draw conclusions concerning a possible decline 
of this semi-parasite. There is reason to suppose that it is not wise 
to conclude from these very low values that in this region Viscum 
was always an extremely rare plant. In the lower part of the Barger- 
oosterveld I profile Viscum occurs fairly regularly. In sample 13 
5 pollen grains of this plant were counted. Viscum likewise occurs 
regularly in the lower part of the Buinerbrug diagram (WATERBOLK, 
1954, Fig. 16). Peat deposits which were formed at a short distance 
from the higher soils can contain a relatively large number of Viscum 


pollen. This points to a very poor dispersal of Viscum pollen over 
distances. 
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As with Viscum, pollen of Jlex was in general rarely met with. 
Consequently, the few counted pollen grains do not allow conclusions. 
However, in certain forest types Ilex would have been fairly common. 
Thus in the lower part of the Nieuw-Dordrecht diagram Ilex pollen 
occurs regularly, indicating that this tree was not uncommon in the 
forest on the most south-eastern offshoot of the Hondsrug. That Jlex 
pollen is lacking in the upper part of this profile is probably due 
to the expansion of the peat, thus increasing the distance between 
the spot where the profile was sampled and the forest in which holly 
grew. 
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BRIEF REPORTS 


JONKER, F. P.: Hypericum canadense in Europe 


_ In 1935 the present author reported the occurrence of this N. American species 
in the eastern part of Holland, province of Overijssel, in the vicinity of Almelo 
(Jonker, 1935). He found the species near the hamlet of Harbrinkhoek on a wet 
heath. The locality was also the only station of Wahlenbergia hederacea in the 
Netherlands, discovered a year before. Notwithstanding the extensive reclamations 
in that part of the country the species now still occurs in a number of localities 
around Almelo. The plants cannot be considered adventitious as they were found 
in places that are comparatively little influenced by human culture, judging from 
the occurrence, on the first-discovered locality, of e.g. Wahlenbergia hederacea, 
Gentiana pneumonanthe, Viola palustris, Radiola linoides, Linum catharticum, Scutellaria 
minor. Vhe late Dr. Wachter discovered, in the herbarium of the Royal Botanical 
Society of the Netherlands, unidentified specimens of Hypericum canadense collected 
by Lako as early as 1909 in the same environment, perhaps even in the same 
station; and Dr. van Soest identified two specimens collected in 1918 by the late 
naturalist Bernink near Denekamp, about 20 km E of the above mentioned localities. 

Boucuarp (1953, 1954, 1955) reported the discovery of the species in France, 
dept. Haute-Sa6one. The plants were found in large quantities, at the stony beach 
of oligotrophous lakes, together with Littorella uniflora. In his detailed publication 
of 1954 he discussed the possibilities of introduction. He concluded that the plants 
are not adventitious. They may be autochthonous or naturalized and then, when 
the latter is the fact, probably by U.S. army units that stayed in that area during 
world war I. He did not preclude, however, the possibility of a glacial relic. 
Bouchard overlooked the previous publication reporting the occurrence in Holland. 

Wess (1957), who reported the finding of the species in Ireland overlooked 
both Bouchard’s and Jonker’s publication, mentioning only the former in a note 
added during the printing. He discovered a single, poorly developed specimen in 
1954 and tried to grow it in his garden. When visiting the locality again, in 1956, 
he discovered large quantities and consequently was in a position to identify the 
species. The locality had been visited in 1932 without the species being discovered. 
Webb is inclined to consider the species a new representative of the American 
element in the Irish flora. In a later publication he also considered the occurrence 
in Holland and France (Wess, 1958). In that paper he discussed three possibilities: 
1. recent introduction by human agency; 2. a recent arrival by natural means, 
3. it is an old-established native. In his opinion the balance of evidence is in favour 
of supposing that the species is relic in Ireland and on the European continent. 
McCurntock (1958), in the same periodical, added a report of his visit to the 
locality in August, 1956, and stated that he found the plant in abundance. 

MeErxMULLER and VoLLRATH (1956) reported the finding, in 1949, of the related 
N. American Hypericum majus (Gray) Britt., formerly considered a variety of H. 
canadense, near Weiden in Germany, in a sand pit where it had been introduced, 
in all likelihood, by U.S. military units during world war II. They wondered 
whether Bouchard’s plants also belong to that species. But as Bouchard compared 
his material with specimens from Canada, we should perhaps leave the finding 
of this related species in Germany out of consideration. 

The first-known occurrence in Europe is consequently Holland, 1909, followed 
by the rediscovery in that country and by discoveries in France and Ireland. ‘The 
three localities are remote and little influenced by human activities. Moreover, 
they had not been investigated very thoroughly before. ; 

The present author has discovered the species from 1935 onwards in several 
localities around Almelo, and thinks it very peculiar that it had been overlooked 
before, both by him and by other botanists and amateurs. The French locality 
is not well known. But also in Ireland the species was discovered in a locality in 
which it was not found in 1932. In 1954, a single specimen was found and in 1956 
it occurred in plenty. These facts do not give the impression that the species has 
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recently been introduced into Europe. Possibly it is a relic that had been able to 
maintain itself in only a few localities in Europe, in contrast to North America 
where it is rather common. But there are indications that the species has spread 
intensively around the few European stations during the last 20 years. Reclamations, 


however, limited this almost explosive expansion, at least in the Netherlands. 
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BOOK REVIEWS 


OF PUBLICATIONS RELATED TO BOTANICAL WORK 
IN THE NETHERLANDS 


LinpEBoom, G. A.: Haller in Holland. Het dagboek van Albrecht von Haller 
van zijn verblijf in Holland (1725-1727), pp.106, 1958. Published by the 
Koninklijke Nederlandsche Gist- en Spiritusfabriek N.V., Delft. A limited 
number of free copies obtainable on request. 


The book starts with a biography of von Haller in Dutch (p. 1-18). Professor 
Lindeboom here devotes special attention to the relations between Haller and 
Boerhaave, as the former came to Holland to continue his studies with the Leyden 
coryphaeus. 

The second part (p. 19-106) is the diary which Haller kept during his stay in 
Holland. This is written in German, and mainly based on the publications of the 
complete diary, edited by Hirzel (1883) and Hintzsche (1948). It gives numerous 
remarkable and interesting observations with regard to the life at the famous 
university and in the town, and of his contact with the professors, especially with 
Albinus and Boerhaave. He also visited Amsterdam, Utrecht, Groningen, Haarlem 
and other places. During his stay in Holland he visited a number of gardens of 
which the garden ““Tulpenburg”’ at Ouderkerk a.d. Amstel especially impressed 
him. The botanical garden at Leyden was in his opinion the richest in the world, 
containing ca. 6000 species. His studies in this ““Hortus Medicus” and the lectures 
by Boerhaave in that garden laid the foundations of his later botanical work in 
G6ttingen and in Switzerland. 

The get-up of the book is excellent. It contains a number of reproductions of 
engravings and a portrait as frontispiece. leis Ale 


Frey—Wyssuinc, A.: Die pflanzliche Zellwand, 1959. Springer-Verlag, Berlijn- 
Gottingen-Heidelberg. Prijs in Nederland f 67.50. 


In het in 1935 verschenen boek van Frey—Wyssling, “Die Stoffausscheidung 
der héheren Pflanzen’’, werd in het eerste gedeelte de celwand behandeld als 
uitscheidingsproduct van het protoplasma. Niet alleen het materiaal van de 
eigenlijke celwand, maar ook secundaire incrustaties (lignine) en afzettingen in 
en op de celwand (slijm, gom, was, suberine) werden beschreven, wat hun chemische 
eigenschappen, rangschikking en structuur betreft. Sedertdien is, in de eerste 
plaats als resultaat van de electronen-microscopie, de kennis op dit gebied zo 
toegenomen, dat een herbewerking van deze hoofdstukken leidde tot een zelfstandig 
boekwerk van 327 bladzijden (+ 28 bladzijden literatuur-opgave), toegelicht met 
188 figuren, waaronder een reeks fraaie electronen-microscopische opnamen. 

In dit voortreffelijke werk werden niet alleen resultaten verwerkt, verkregen 
met behulp van nieuwe methoden, maar ook aan de klassieke methoden van 
onderzoek van sub-microscopische structuren, 0.a. met behulp van het polarisatie- 
microscoop (dubbele breking, dichroisme), en aan de daarmee bereikte resultaten 
werd terecht zeer veel aandacht besteed. Vee ete ISS 
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PaLYNoLocte ~ Bibliographie. Service d'information géologique du Bureau de 
Recherches géologiques, géophysiques et miniéres. 74, Rue de la Fédération. 
Paris-XV (France). Publié avec Vaide du Centre National de la Recherche 
Scientifique. Numéro: 3, janvier 1959, pp. 132. Prix 500 Francs. 


The third volume of this annual report appeared promptly at the beginning of 
the new year. Contents: new list of names and addresses of palynologists (p. 5-34), 
bibliography containing the list of papers in the field of palynology published in 
1958 or before if omitted in the previous volumes (p. 37-89), an index to the 
literature arranged according to the stratigraphy (p. 93-103), an index to the liter- 
ature in geographical arrangement (p. 104-114), and an index to the literature 
arranged according to palynological topics (p. 115-131). ifs, Je, Ife 


FLorA NEERLANDICA, issued by the Koninklijke Nederlandse Botanische Vereniging 
(Royal Botanical Society of the Netherlands), vol. 1, pt. 5. Orchidaceae by 
Dr. P. Vermeulen. Amsterdam 1958, pp. 127. Dfl. 15.—. 


In accordance with the original intention of the Flora Neerlandica, Dr. Vermeulen 
gives in this issue an elaborate description of all species and forms of Orchidaceae 
which are known from the Netherlands. 

The genus Dactylorchis especially has been treated thoroughly, and its infra- 
specific taxa are discussed in great detail. Vermeulen in 1947 raised this group 
to generic rank after it had been proposed as a subgenus by Klinge and others. 
In older Dutch floras, three species were distinguished, namely Orchis maculata, 
O. latifolia, and O. incarnata. The distinction between these species, however, 
caused great difficulties among floristic workers. There was also a continuing 
controversy between the German, Scandinavian, and British specialists about the 
taxonomy and nomenclature of the forms native in those areas. 

After studying for many years the descriptions, living material, and herbarium 
collections from all over Europe, Vermeulen has arrived at sharp diagnoses of 
all forms native to the Netherlands, and has arranged these under six species. 

A very important part of the work consists of distributional and ecological data, 
edited authoritatively by Dr. V. Westhoff. iieplis: 
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ABSTRACT 


Experiments with Salvia occidentalis (SDP) and Hyoscyamus niger (LDP) demon- 
strated that at least two photoperiodic reactions are involved in the process leading 
to a long-day effect. The main-light-period reaction is more sensitive to near infra- 
red and blue light than to red or green light. The effect of near infra-red and blue 
light can be antagonized by red light. The nightbreak reaction, promoted by red 
light, is nullified by a relatively short exposure to near infra-red or blue light. 

Experiments with various plant species on the elongation of internodes have 
shown that at relatively low intensities red light is more inhibitive than blue light. 
At relatively high intensities blue light is the most inhibiting spectral region. ‘Vhe 
inhibiting effect of red light on the elongation of hypocotyls of light-grown gherkin 
seedlings is antagonized by a subsequent exposure to near infra-red or blue light. 
The inhibiting effect of red light on the hypocotyl of dark-grown gherkin seedlings 
is much more pronounced when the seedlings are pre-irradiated with white or blue 


light. 


1) Thesis of the State University Utrecht. 
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1. INTRODUCTION 


1.1 GENERAL 

The subject of this investigation concerns two aspects of the influence 
of light of different spectral regions on plant development, 1° the 
response of the internode elongation and 2° the flowering response 
of photoperiodically sensitive plants. 

Although the ultimate results are different, both processes have in 
common the same photoreaction, as the effect of an exposure to red 
light can be reversibly antagonized by an exposure to near infra-red 
radiation. The result of a treatment with red and near infra-red 
radiation, alternately given, is determined by the last radiation. 

This antagonism between red and near infra-red was first of all 
reported to control seed germination (BoRTHWICK ef al. 1952a, 1954; 
Toot et al. 1955; Jones et al. 1956). Subsequently it was reported 
to regulate various other processes too, such as the flowering of 
photoperiodically sensitive plants (BorTHwick et al. 19526; Downs 
1956), auxin induced growth of Avena-coleoptile sections (LIVERMAN 
et al. 1953), pigment formation in the cuticle of tomato fruits (PIRINGER 
et al. 1954), internode elongation of both dark-grown seedlings 
(Downs 1955) and light-grown plants (Henpricks ef al. 1956; 
Downs et al. 1957), leaf expansion of dark-grown seedlings (Downs 
1955; LivermMann ef al. 1953, 1955), germination of fern spores 
(Monr 1956), opening of the plumular hook of dark-grown bean 
seedlings (KLEIN et al. 1956), formation of protochlorophyll (W1rHROw 
et al. 1956), anthocyanin formation (SIEGELMAN é¢ al. 1957; Mour 1957), 
frond multiplication of dark-grown Lemna (Hitman 1957), indole- 
acetic-acid oxidase activity (HILLMAN et al. 1957), the endogenous 
diurnal rhythm (LorrRcHER 1958) and the tactic movement of 
chloroplasts (Haupt 1958). Thus it is obvious that this photochemical 
reaction is involved in different processes of plant development. 


1.2 PHOTOPERIODISM 


In many plants the initiation of flower buds depends on daylength 
(photoperiodism). In short days (i.e. long dark periods) flower buds 
are initiated in short-day plants (SDP); long-day plants (LDP), 
however, remain vegetative. When the plants are exposed to long 
days (i.e. short dark periods), flower initiation is prevented in short- 
day plants but induced in long-day plants. Not in all photoperiodically 
sensitive plants is the photoperiodic response an absolutely qualitative 
one. In some species a quantitative response is obtained: flowering 
is only accelerated by a special daylength. 

A long-day effect can also be obtained either by extending a short 
day (main light period) with several hours of light at a relatively low 
intensity level (supplementary light) or by interrupting the corre- 
sponding long dark period with a relatively short irradiation (night- 
break). This effect of a night interruption makes it obvious that the 
photoperiodic response depends on a reaction in the long dark period. 
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As HaMNER (1940) has shown, however, the influence of the main 
light period may not be neglected. 


A. Influence of light during the dark period 

For a supplemental light treatment red light is especially effective 
for prolonging a short day (Rasumov 1933; WrirHRow et al. 1936a, 
bOs00eet940-" WASSINK. ef ai) 1950, 1991s SToLwiyk -1952,. 1954; 
Konitz 1958). 

The reaction on supplemental light therefore has the same action 
spectrum as the nightbreak reaction of both short-day and long-day 
plants (PARKER eft al. 1946, 1950; Borruwick ef al. 1948). It has been 
shown that radiation of the whole visible spectrum is effective provided 
that sufficient energy is given. A maximum of activity was found in 
the red region, a minimum in the green part and a second, less 
effective, maximum in the blue-violet region of the visible spectrum. 

A reversible antagonism between red and near infra-red radiation 
has been found in photoperiodism. The long-day effect of a night- 
break with red light can be nullified by a following irradiation with 
near infra-red (BorTHwick eé al. 1952b). This antagonizing effect 
of near infra-red decreases or is completely absent if either a period 
of darkness between the red and the near infra-red is given for too 
long a time or if the irradiation time of the near infra-red treatment 
increases (Downs et al. 1956, Catruey et al. 1957). 


B. Influence of the main light period 

The flowering response of Xanthium pennsyloanicum (SDP) does not 
depend only on the length of the dark period (Hamner 1940) but 
also on the light intensity of the photoperiod. One long dark period 
induces flowering provided that it is preceded by a light period of 
high intensity. 

Konrrz (1958) found that the flower-initiating effect of a short-day 
treatment on Chenopodium amaranticolor (SDP) was inhibited when the 
light period was interrupted with near infra-red radiation. This 
inhibiting effect of near infra-red radiation could be reversed by a 
following exposure to red light. 

WALLRABE (1944) showed that a short-day treatment of Kalanchoé 
blossfeldiana (SDP) in blue light is more effective than the same 
treatment in red light; in green light no flower initiation occurred 
at all. In preliminary experiments with Kalanchoé and some other 
plant species Meyer et al. (1957) were unable to confirm these 
results. Even in green light a short-day effect was obtained. 

In long-day experiments in white light with the short-day plants 
Perilla (Dz Zenuw 1953) and Salvia occidentalis (MryER 1957a), a 
short-day effect (i.e. flower initiation) was obtained when the light 
intensity was sufficiently low. 

In some cases the influence of the light quality of the photoperiod 
on the effect of a long-day treatment was studied. When Hyoscyamus 
niger (LDP) was grown in light of different spectral regions no long- 
day effect was obtained when the long-day treatment was given in 
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yellow or green light. In red light, flower initiation was very much 
retarded as compared with the flowering response to a long-day 
treatment in blue, violet or red + near infra-red radiation (STOLWIjK 
et al. 1955). As in these experiments the violet and blue light were 
contaminated with near infra-red it might be possible that only the 
near infra-red region was responsible for this effect. CURREY et al. 
(1956), however, obtained the same effect in a long-day treatment 
in blue light without a near infra-red contamination. 

This long-day activity of the violet-blue and the near infra-red 
regions appears quite remarkable, the more so as STOLWyK ef al. 
(1955) confirmed the results of PARKER et al. (1950) that red light 
—given as an interruption of a long dark period—is the most effective 
spectral region for obtaining a long-day effect. Similar results have 
been obtained in experiments with Salvia occidentalis (SDP) and some 
other plants (MEER 1957a, 19570). 

From the results of these long-day experiments in coloured light 
one cannot determine whether the photoperiodic response was in- 
fluenced during the main light period or during the supplemental 
light period. In nightbreak experiments with Salvia (SDP) and 
Hyoscyamus (LDP) it was shown that the long-day effect of an inter- 
ruption of the long dark period with red light depends on the light 
quality of the main light period too (MeyER ¢é al. 1957). A night 
interruption was only effective after a main light period in blue 
light; after a main light period in red or green light a nightbreak 
failed to induce a long-day effect. 

It therefore seems obvious that in order to obtain a long-day effect 
at least three different reactions must take place: 1° a minimum 
rate of photosynthesis, 2° a specific main-light-period reaction and 
3° a supplemental-light or nightbreak reaction. In this paper evidence 
is given in support of the assumption that whether a long-day effect 
is obtained or not depends on at least two photoperiodic reactions 
and not on the absolute duration of the photoperiod. 


1.3 ELONGATION 


In literature two opposite views exist about the influence of light 
of different spectral regions on the elongation of internodes: 


1°. the blue part of the spectrum has the greatest inhibiting effect; 
2°. red light is much more active in inhibiting the elongation than 
blue light. 


KoNINGSBERGER (1922), studying “light growth reactions’, reported 
that a brief exposure to blue light of an intensity of 2 erg/cm?/sec 
was sufficient to retard temporarily the growth of Avena coleoptiles. 
Light of longer wave-length regions induced this effect only at much 
higher light intensities. Moreover the retardation due to blue light 
lasted longer than the retardation caused by an exposure to red light. 
The action spectrum of phototropism (e.g. GALsTON et al. 1949) also 
supports the conclusion of many investigators that blue light is the 
most active part of the spectrum in inhibiting the elongation of 
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internodes (e.g. Popp 1926; RoopEensure 1940; SToLwyk 1954). 
FunKE (1944) even concluded “that the red part of the spectrum 
acts like darkness”’ as far as the formative effect of light is concerned. 

This conclusion, however, is not in agreement with the results of 
many other investigators who found that blue light was less effective 
then red light (e.g. Du Buy e¢ al. 1930; Went 1941; WiTHROw 1941; 
WEINTRAUB et al. 1947; PARKER et al. 1949). This discrepancy could 
possibly be due to differences in the experimental methods e.g. to im- 
purities of the spectral regions used, to the pretreatment of the plant 
material, to the light intensity or to differences between plant species. 


A. Light purity 

In some experiments plants were grown in day-light from which 
different short wave-length regions were eliminated by filters. Popp 
(1926) and Suiriey (1929) found that a lack of blue light caused 
an increase in internode elongation. 

RoopensureG (1940) using different gas discharge lamps, came to 
the same conclusion. ABERG (1943), however, found that the internodes 
of tomato plants in mercury light (“‘blue’”’) were much more elongated 
than in neon or sodium light (respectively “red” and ‘“‘yellow’). 
VAN DER VEEN (1950) used the light of coloured fluorescent lamps, 
which were coated with different monophosphors. Although he did 
not purify this coloured light the same results were obtained as with 
light obtained from fluorescent lamps and filtered by suitable filters 
(WassInK e¢ al. 1952; SroLwiyk 1954). Short internodes are formed 
in light of the blue-violet region, whereas in the longer wave-length 
regions internodes show a marked elongation. This was confirmed 
with several plant species by Vince (1956, — e¢ al. 1957) and 
Meyer (19575). : 

Nevertheless it was found that a contamination of a spectral region 
with light of other wave lengths can have a pronounced influence. 
Meyer (1957a) compared Salvia occidentalis plants grown in blue light 
and in blue light + near infra-red. This light was obtained from blue 
fluorescent lamps purified by two different blue filters. One filter 
transmitted only the short wave-length region, the other one trans- 
mitted also the near infra-red (2 > 7000 A). As the elongation of 
internodes was markedly increased in blue light + near infra-red as 
compared to pure blue light it is obvious that even a contamination 
with small amounts of near infra-red emitted by the fluorescent lamp 
should not be neglected. It was also shown that an addition of near 
infra-red radiation to blue or green light resulted in an increased 
elongation (MEER 19575). é 

Roopensure (1940) was probably the first to ascribe to near infra- 
red an elongating effect. This effect has been definitely demonstrated 
by Wassinx ef al. (1951), Srorwyk (1954), Downs (1955, — et al. 
1957) and Henpricks ¢¢ al. (1956). The elongating effect of near 
infra-red radiation can be reversed by red light (Strorwyk 1954; 
Downs 1955; — et al. 1957). 

It has been found that the elongating effect of blue light, reported 
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by Wasstnk ef al. (1951) and STOLWIJK (1954) must have been due 
to a contamination with near infra-red and not to the blue region 
itself (WasstnK ef al. 1957; MEIJER 1957a). Nevertheless MEIJER 
(1957b, 1958a) obtained in some cases a stimulation of the elongation 


by pure blue-light. 


B. Pretreatment 

The varying results could also be due to the pretreatment of the 
plant material. Whether dark-grown seedlings have been used in the 
experiments or green plants previously raised in light might have an 
influence on the result. 

Etiolated or dark-grown plants are characterized by a strong 
elongation of the internodes, the development of small leaves (as far 
as Dicotyledons are concerned) and usually a lack of chlorophyll 
(as far as Angiospermae are concerned). Relatively small amounts of 
light are enough to prevent etiolation: the elongation of the internodes 
decreases whereas the leaf size increases. 

When dark-grown plants are used the material is not yet influenced 
by white light before the experiments start. With light-grown plants 
one will not find a primary effect on the elongation but a secondary 
one, i.e. on the inhibited elongation. 

This difference in reaction has been clearly demonstrated by the 
effect of an irradiation with near infra-red or blue light. Near infra-red 
has an inhibiting effect on the elongation of dark-grown seedlings 
(Wirarow 1941; De Linr 1957). On plants previously irradiated 
with white light (Downs et al. 1957) or light of different spectral 
regions (De Linr 1957) ear infra-red has an elongating effect. 
Similar effects have been reported for blue light (MxtjER 1957, 1958a). 

Wassink ef al. (1956) stated in a review that “in etiolated plant 
material the red spectral region is most effective in this respect (1.e. 
in the inhibition of elongation), whereas in light-grown plants and 
at high light intensities the violet-blue region of the spectrum is 
especially effective’’. 

This statement is not always valid. It was shown that several 
plant species, previously raised in white fluorescent light, acquired 
much longer hypocotyls in blue than in red light. (MrryER 1957), 
19582). Again Vince et al. (1956, 1957) obtained longer internodes 
with Pisum and Calendula in blue light than in red light. In her experi- 
ments with Pisum this author used “‘dark-grown”’ seedlings as the 
plants were exposed to light of the different wave-length regions 
directly after sowing. For Calendula it is not reported whether the 
plants were raised in white light before the treatment or not. We 
Le able, however, to confirm this result with light-grown Calendula 
plants. 


C. Light intensity 

According to Asere (1943) it seems possible that the light intensity 
might influence the results. He postulated that at low light intensities 
the red region is the most active, whereas at high light intensities 
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the blue-violet region is the most effective part of the visible spectrum 
for inhibiting the elongation. Although several investigators have 
compared light of different energy levels, this assumption has not 
been confirmed (WiTHROw 1941; Vince 1956, — et al. 1957) 


D. Plant species 


As different plant species did not give a similar reaction when 
grown under exactly the same conditions it was concluded that the 
response to light of different spectral regions depends more on differ- 
ences in plant species than on the experimental method (Vince 1956, 
— et al. 1957; Meter 19576). In this paper it will be shown that 
this conclusion is rather premature and that plants of the same species 
react in a different way depending on the light intensities used. 


2. MATERIAL AND METHODS 


Various plants sensitive to daylength were used in the experiments 
on photoperiodism. Sinapis alba, Arabidopsis thaliana (3 strains), 
Nasturtium palustre, Chrysanthemum parthenium, Hyoscyamus niger and 
Petuma hybr. all long-day plants, were sown and raised in a glass- 
house under short-day conditions and afterwards subjected to a 
treatment which was continued until flower buds were macroscopically 
visible. Salvia occidentalis, Ralanchoé blossfeldiana, Euphorbia pulcherrima 
and Xanthium pennsylvanicum, all short-day plants, were propagated by 
means of cuttings, the use of clones giving very homogeneous material. 
These plants were grown under long-day conditions, which prevented 
flower initiation. After the treatment had lasted sufficiently long to 
induce flower initiation when exposed to short days, the plants were 
transferred to the glasshouse under conditions of non-inductive 
daylength. 

At the beginning of the treatment the plants were selected for 
uniformity. A control group stayed under conditions of non-flower- 
inducing daylength and was compared with the treated plants to 
ascertain that flower initiation had not already been induced before 
the treatment started. The youngest developed leaf was marked at 
the beginning of an experiment and after the experiment was dis- 
continued all the newly developed leaves or pairs of leaves were 
counted. Plants were considered to be vegetative when this number 
of leaves of the non-generative plants was larger than the number 
of leaves of the generative plants, developed before flower buds were 
initiated. Moreover the plants were dissected. L* 

In this paper the influence of the light quality on the photoperiodic 
response is studied with special reference to the long-day effect on 
Salvia occidentalis. A long-day treatment prevents flower initiation in 
short-day plants and promotes this process in long-day plants. For 
this reason the results obtained with long-day plants and short-day 
plants are compared in terms of short-day effect or long-day effect 
and not in terms of flowering or non-flowering response. 

For the sake of convenience the length of a supplemental-light 
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period is given in number of hours, the duration of a nightbreak in 
number of minutes followed by an apostrophe. 

The experiments with Salvia occidentalis are described in 3.1=3.1:3; 
The results obtained from experiments with other plants are given 
ios lea 

The influence of light of different spectral regions on elongation 
was studied on various plant species: Solanum lycopersicum (tomato, 
“Victory”’), Hyoscyamus niger, Sinapis alba, Cucumis sativus (gherkin, 
“Venlose niet plekkers’’), Phaseolus vulgaris (bean, “Vroege Wagenaar’’) 
and Mirabilis jalapa. 

Two different methods were used. 

1. The seeds were left to germinate and the seedlings raised in 
white light before the treatment with coloured light started (‘“‘light- 
grown plants’’). 

9. The seedlings were not previously exposed to white light but 
were raised from seed in the light cabinets. Although these seedlings 
were exposed to coloured light, they will be referred to as ‘“‘dark- 
grown seedlings” in contrast with the “light-grown seedlings” which 
had received white light prior to the treatment in the light cabinets. 

In the experiments with “light-grown plants” 7-10 plants were 
used per treatment. The seeds were sown in seed pans and the 
seedlings potted after some time. As soon as the plants resumed 
growth, they were selected and subjected to the treatment. 

‘Dark-grown seedlings” were sown in pots about 20-25 seeds per 
pot, except beans of which 7 seeds were used per pot. Some days 
after germination the seedlings were selected for uniformity. The 
most vigorous seedlings, which had germinated early, and the seeds 
which had just started to germinate or had not germinated yet were 
discarded. The length of internodes was measured each 2-4 days 
until the organ showed to have finished elongation. The results of 
these experiments are given in 3.2. 

The light cabinets in which the plants were exposed to light of 
different spectral regions have been described before (VAN DER 
VEEN et al. 1958). Fluorescent lamps (80 Watt) are mounted to the 
top and at two sides. In this way high light intensities and an equal 
light distribution are obtained. In those cases in which low light 
intensities were wanted, either cages of gauze were used or a number 
of lamps was switched off. In the experiments with supplementary 
light (3.1.2) and with “very low intensities” (3.2) only some of the 
lamps mounted to the top were switched on. 

The lamps also provided the heat; the temperature was kept 
constant by means of a water-cooling system controlled by a thermo- 
stat. The day temperature was kept at 22° C. When the lamps were 
switched off the temperature decreased to that of the surrounding 
room, viz. 17° C. When only some of the lamps were used (see above) 
it was necessary to use heating elements also controlled by a thermo- 
stat. In this way it was possible to keep the temperature constant 
between 21.5° and 22.5° C. 


The visible radiation was obtained from different types of fluo- 
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rescent lamps (““TL”’) with suitable filters of “Plexiglas” (Réhm & 
Haas). The characteristics of the light conditions have been given 
extensively in a previous paper (MEER 1957a). “TL” 33 lamps 
were used to provide “white” light. Red light was obtained in the 
wave length region of A = 6000-7000 A, although + 2 % radiation 
was emitted in the infra-red region (4 > 7000 A). Green light was 
more or less restricted to the region of 4 = 5000-6000 A. Blue light, 
without a contamination of red or near infra-red, consisted of radiation 
in the region of 2 = 4000-5300 A. Less than 1 % was obtained in 
the ultra-violet region (A < 4000 A). Near infra-red (= far red) 
radiation of the wavelength region of 4 > 7000 A was obtained from 
either incandescent lamps or neon lamps. In both cases the radiation 
was filtered by a combination of “‘Plexiglas”’ filters which transmitted 
radiation with 2 > 7000 A. To avoid too much radiation with 
4 > 10000 A—which is known to have only a temperature effect— 
a water filter of 2 cm thickness was used. The intensity is given for 
the region of 2 = 7000-8000 A. As incandescent light shows a 
continuous spectrum and neon light a line spectrum, the intensities 
of near infra-red radiation obtained from these two types of lamp 
cannot be compared. Unless stated otherwise, near infra-red radiation 
was obtained from the incandescent lamps. 

The light intensities are given in «W/cm?. Foot candles or lux 
cannot be used because these units depend on the sensitivity of the 
human eye. Radiation was measured with a photocell. As the sensi- 
tivity of a photocell changes with the wavelength, it was calibrated 
against a thermopile for each combination of lamps and filter(s). 
The light intensities were measured as incident on a horizontal 
surface. 


3. EXPERIMENTAL RESULTS AND DISCUSSION 


3.1 PHOTOPERIODISM 

Preliminary experiments in white light have shown that Salvia 
occidentalis is an obligate short-day plant. Specimens irradiated during 
16 hours per day remained completely vegetative. When the irradi- 
ation was restricted to 10 hours of light per day, flowering was 
initiated. 

The degree of flower initiation depends on the number of short 
days (10 hours of light per day) to which plants are exposed. It was 
found that a short-day treatment during 10 days or less was without 
effect. When the treatment lasted at least 16 days flowering was 
initiated and in the following long days a normal inflorescence bud 
was formed. A short-day treatment of 10 to 16 days resulted in a 
slight flower induction. In the long days which followed only some 
bractlike leaves developed and the vegetative growth of the growing 
points was resumed. In the following experiments the treatment 
lasted at least 21 days to make sure that flowering was sufficiently 


induced. 
The critical daylength was determined by exposing plants to white 
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fluorescent light during photoperiods of different lengths. It was 
found that this critical daylength was between 13 and 15 hours of 
light per day (Table 1). In this experiment the light intensity during 
the whole photoperiod was 2900 “~W/cm?. The treatment lasted 26 
days after which the plants were transferred to long-day conditions. 


TABLE | 


The influence of the length of the photoperiod in white fluorescent light on the 

flowering response of Salvia occidentalis. Light intensity: 2900 pW /cm*. Duration 

of the treatment 26 days. Number of plants per treatment 3. + = generative 

(short-day effect), — = vegetative (long-day effect). Observations 26 and 42 days 
after the beginning of the treatment. 


Length of | Condition of the | Number of newly formed 
photoperiod | growing point after: leaf pairs after 42 days 
in hrs is : =< = = 


26 days | 42 days | + | = 


| 
T 
il + 


The last observations were made 42 days after the beginning of the 
treatment. In the subsequent long-day experiments the photoperiod 
was 16 hours of light per day, this being of sufficient length for obtain- 
ing a long-day effect, i.e. the prevention of flower initiation. 


3.1.1 Lonc-DAY TREATMENT: 


a. White light 


It appeared that the critical daylength also depends on the light 
intensity of the photoperiod, irradiation during 16 hours of light per 
day not always having a long-day effect on the flowering response of 
Salvia occidentalis. In Table 2 the results of two experiments are pre- 
sented. The plants were grown in 16 hours of white fluorescent light 


TABLE 2 


The influence of the light intensity of the photoperiod on the flowering response 

to a long-day treatment in 16 hrs white fluorescent light per day. Experiment I: 

3 plants per treatment, observed after a treatment of 39 days. Experiment II: 

6 plants per treatment, observed 39 days after the beginning of a treatment of 

26 days. + = generative (short-day effect); —- = vegetative (long-day effect), 
(—) = vegetative. 


Light intensity in “W/cm? | 85 250 | 400 | 660 | 850 | 1250 | 2500 


Experiment I[. | 


Experment IT es 0. es ee) } + | + 


per day at different intensities. The last observations in Experiment I 
were made after the treatment had lasted 39 days; in Experiment IJ, 
39 days after the beginning of the treatment which lasted 25 days. 
It was found that flowering was initiated if the light intensity was 
sufficiently low, despite the fact the plants were exposed to long days. 
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At an intensity of 850 «W/cm? or higher a long-day effect was obtained 
whereas at intensities from 250 to 660 «W/cm? flower initiation was 
not prevented. In light of an intensity of 85 wW/cm? no flower 
initiation occurred, the growth being quite poor, only two leaf pairs 
developing during the treatment. At higher intensities this number 
was 4 or 9. 


b. Coloured light 


To investigate which spectral region is the most active in obtaining 
a long-day effect, the plants were exposed to long days in red, green 
or blue light. 

In a number of experiments 16 hours of red, green blue or white 
light were used per day. Gauze filters enabled three or four different 
light intensities to be compared in each experiment. The results are 
collected in Table 3. The duration of the treatment varied for the 
various experiments but was never less than 26 days. 


TABLE 3 
The influence ofthe light quality on the photoperiodic effect of a long-day treat- 
ment of 16 hrs light per day. + = generative (short-day effect); — = vegetative 
(long-day effect); (—) = vegetative. 


Irradiation Light intensity in BW/em? 


in 0 500 1000 
Ars per day iin oa ey Eoin ney an 
16 Red es _ = = 
| 46 Green —(-) + + ar aR = 
16 Blue (—) an = a ay 
= i $ - 
16 White (oO + + + _ - 


It is obvious that in a long-day treatment light from each region 
of the visible spectrum is active in causing a long-day effect provided 
that the light intensity is sufficiently high. Blue light (16B), however, 
showed to be the most active type of light, followed by red light 
(16R). Green light (16G) is only slightly active in this respect, rather 
high intensities being necessary for obtaining a long-day effect by 
means of a long-day treatment of 16 hours of light per day. At very 
low intensities (85 W/cm?) no flower initiation occurred during any 
light treatment. This prevention of flower initiation may be due to 
reasons other than a long-day effect of the 16-hour light treatment as 
it was found that at low light intensities even a short-day treatment 
fails to initiate flower buds. 

Although irradiation with 16 hours of red light per day (16R) at 
an intensity of 370 wW/cm® did not prevent flower initiation (see 
Table 3), this short-day effect is different from the effect of a short-day 
treatment (10 hours of light per day) in red light of the same intensity. 
In consequence of the short-day treatment (10R), flowering was 
‘nitiated as soon as 5 new leaf pairs had developed. After the long-day 


200 G. MEIJER 


treatment (16R), however, the number of leaf pairs developed before 
flower buds were initiated was eight and the flower buds became 
later visible too. So there still was some indication of an inhibition 
of flower initiation (long-day effect) by the long-day treatment (16R) 
as compared to the response to a short-day treatment (10R) in red 
light. At an intensity of 260 w~W/cm? a long-day treatment in red 
light showed hardly any long-day effect as the appearance of the 
flower buds was scarcely delayed; the average number of newly 
formed leaf pairs being 6.3. 

A long-day treatment in green light (16G) at an intensity of 500 
W/cm? did not cause any long-day effect. Flower buds were initiated 
after 5 newly formed pairs of leaves. At 900 wW/cm? a slight retar- 
dation was found; a small increase could be observed in the number 
of leaf pairs formed prior to the first flower bud, viz. 6.5. 


c. Near infra-red radiation 


The influence of near infra-red radiation on the photoperiodic 
effect of a long-day treatment in coloured light was studied in the 
following experiments. 

The plants were exposed to red, green or blue light with and 
without an addition of near infra-red during 16 hours per day (16R, 
I16RIR, 16G, 16GIR, 16B, 16BIR). The light intensity of the visible 
radiation was 300 wW/cm?. It was found (see Table 3) that under 
these conditions a long-day treatment in red or green light does not 
prevent flowering i.e. no long-day effect is obtained. Those plants 
which were exposed;.to near infra-red radiation were unilaterally 
irradiated, this method permitting intensity ranges up to 130 «W/cm? 
to be studied. In all 9 different intensities were used. At each intensity 
only one plant was used to avoid one plant shading the other. At the 
lowest intensity, 3 plants were used. The number of control plants 
was 10. After this treatment which lasted 30 days, the plants were 
transferred to long-day conditions. The last observations were made 
after 70 days. The results are shown in table 4 (Plate 1-a). 


TABLE 4 


The influence of near infra-red radiation on the photoperiodic effect of a long- 

day treatment (16 hrs per day) in red, green or blue light (300 w4W/cm2). Duration 

of the treatment 30 days. + = generative (short-day effect); — = vegetative 
(long-day effect). Observations after 70 days. 


Light Intensity of IR in wW/em? | 
treatment 50 
16 hrs per day ue oe 


Green+IR 


0 
M 
Red+IR + 
ab 


Blue +IR | 


Near infra-red radiation used simultaneously did not influence the 
effect of a long-day treatment in blue light (16B, 16BIR); all plants 
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remained completely vegetative. After 70 days the average number of 
newly formed leaf pairs of plants treated with 16B and 16BIR was 
10.8 and 9.1 respectively. 

Addition of near infra-red to green light (16GIR) was found to 
be very effective in causing a long-day effect since it prevented 
flowering, initiated in long-days in green light (16G). In 16G the 
average number of new leaf pairs developed before flower initiation 
occurred was 5.9. In 16GIR, with a near infra-red intensity of 45 
“W/cm? or higher, plants remained vegetative and the number of 
newly formed leaf pairs was more than 9. Near infra-red of lower 
intensities did not prevent flower initiation but at most retarded it 
a little. With increasing intensities from 0-35 ~W/cm? the number 
of newly formed leaf pairs was 6, 6, 6 and 7, respectively. 

In long days in red light (16R) flower initiation occurred; it was, 
however, retarded as compared with plants grown in green light 
(16G). The average number of leaf pairs developed before flower 
initiation occurred was 7.7. Addition of near infra-red (16RIR) of 
a higher intensity than 50 «W/cm? prevented flowering (long-day 
effect); after 70 days more than 10 pairs of leaves were developed 
and still no sign of flower initiation could be observed. At lower 
intensities of near infra-red, flower initiation was not prevented but 
more or less retarded as compared with plants grown in red light 
without any addition of near infra-red (16R). With the near infra-red 
intensity increasing from 0-45 W/cm? the number of leaf pairs 
developed before flower buds were initiated was 7.7, 9, 10, 10 and 
10, respectively. 

In experiments with 16 hours green + near infra-red per day, in 
which the number of different intensities of near infra-red investigated 
was reduced to 3 or 4, it was possible to treat simultaneously 3 or 4 
plants at each intensity. Probably the effect of one plant shading the 
other was even better avoided under these conditions since it was 
found that in this case even 30 ~W/cm? near infra-red radiation were 
effective in producing a long-day effect. 

Similar results were obtained when the intensity of the visible 
radiation was increased. However, at an intensity of e.g. 510 wW/cm?, 
already an irradiation with red light during 16 hours per day was 
sufficient for obtaining a long-day effect, flower initiation then being 
prevented. Addition of near infra-red radiation (16RIR) did not 
counteract this long-day activity of the red light. 

In preliminary experiments the plants were exposed to 16 hours 
of green light per day (16G) to which near infra-red was added 
during 
a) the last 8 hours (6G 8GIR) 

b) the first 8 hours (8GIR 8G) or 
c) the total photoperiod (16GIR) 

It was found that a long-day treatment with 16 hours of green 
light already resulted in a long-day effect when only during part of 
the photoperiod near infra-red was added. The results of one of these 
experiments are given in Table 5. 
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The intensity of the green light was 400 uW/cm? and of the near 
infra-red radiation 160 ~W/cm2. The duration of the treatment was 
95 days after which the plants were transferred to long-day conditions. 
The results show that it made no difference whether the near infra-red 
was added during the first or the second 8 hours of the photoperiod. 


TABLE 9 


The influence of an addition of near infra-red (200 4W/cm?) on the photoperiodic 
effect of a long day treatment (16 hrs per day) in green light (400 #W/cm?). 
G = green, IR = near infra-red. Duration of the treatment 25 days. Number of 
plants per treatment 3. ++ = generative (short-day effect); —- = vegetative 
(long-day effect). Observations after 48 days. 
eee ee 
Light treatment Condition of the 


| 
growing point 


6 hr al 28 Eee 

8G eae! | ee ee 
8G | 8GIR ae 
GIR | 8G Lh oe 
sciR | 8GCIR ie 


If, however, the duration of the near infra-red irradiation was 
shortened its effect was clearly influenced by the moment at which 
this radiation was added. In the following experiment plants were 
exposed to 2, 4 or 8 hours of green + near infra-red, either followed 
or preceded by 14, 12 or 8 hours of green light (2GIR 14G, 4GIR 
12G ... 14G 2GIR) respectively. The intensity of the green light was 
370 «W/cm? and of the near infra-red 130 «W/cm?. The treatment 
lasted 25 days, after which ‘the plants were exposed to long days. 
The results are given in Table 6. 


TABLE 6 


The influence of near infra-red (130 wW/cm?) on the photoperiodic effect of a 

long-day treatment (16 hrs per day) in green light (370 wW/cm?). Duration of 

the treatment 25 days. Number of plants per treatment 3. + = generative (short- 
day effect); — = vegetative (long-day effect). Observations after 42 days. 


Light treatment in Condition of the 
hrs per day | growing point 
2GIR 14G + f+ + 
4GIR 12G + 4+ — 
8GIR 8G —- — — 
8G | 8GIR —- — — 
12G 4GIR —- — — 
14G EIR ee 


The plants which remained vegetative showed 10 or 11 pairs of 
leaves, developed in the 42 days after the beginning of the treatment. 
The generative plants stopped leaf formation after 6 or 7 pairs of 
leaves and subsequently initiated flower buds. 

It is obvious from these results that an addition of near-infra-red 
during 4 hours per day contributed more towards obtaining a long-day 
effect when given at the end (12G 4GIR) than at the beginning of 
the 16-hour green light period, (4GIR 12G). Added at the end of 
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the daily light period, 2 hours of near infra-red (14G 2GIR) were 
still effective in preventing flower initiation, but they were completely 
ineffective when given at the beginning of the light period (2GIR 14G). 

In other experiments the near infra-red radiation was alternated 
with green light. In one of these experiments the intensity of the green 
light was 1200 wW/cm? and of the near infra-red (obtained from a 
neon lamp) 150 wW/cm?. The daily irradiation with green light lasted 
16 hours (16G). One hour of this green light was replaced by near 
infra-red which was given 0, 3, 6, 9, 12 or 15 hours after the beginning 
of the light period (1IR 15G, 3G 1IR 12G... 15G 1IR). The plants 
were subjected to this treatment during 25 days and afterwards 
transferred to long-day conditions. The last observations were made 


after 48 days; the results are presented in Table 7 (Plate 1-b). 


TABLE 7 
The influence of near infra-red (150 w~W/cm?) on the photoperiodic effect of a 
long-day treatment (16 hrs per day) in green light (1200 wW/cm?). Duration of 
the treatment 25 days. Number of plants 3. + = generative (short-day effect) ; 
— = vegetative (long-day effect). Observations after 48 days. 


Condition of the 


Light treatment in hrs per day growing point 


= = hed Ce [ree aes 
aa 1IR 15G + + + 
3G 1IR 12G + — — 
6G URE | 9G | EE ead 
9G 1IR | 6G aie) ai ate 
12G 1IR | 3G fe ee 
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The vegetative plants developed 10 to 11 new pairs of leaves in 
the 48 days after the beginning of the experiment. In the generative 
plants flower initiation occurred after about 6 pairs of new leaves 
had been formed. 

It is clear that an irradiation with | hour of near infra-red is only 
effective in causing a long-day effect if it is preceded by a green light 
period of at least 3 hours (3G1 IR 12G). On the other hand such a 
preceding irradiation cannot be the only condition for obtaining a 
long-day effect. 9G 1IR 6G and 12G IIR 3G did not have any 
long-day effect at all, although in these groups the near infra-red 
was preceded by even more than 3 hours of green light. Probably 
a second condition exists: light is also necessary in a period about 9 
hours after the beginning of the irradiation with near infra-red. ‘Those 
treatments which resulted in a long-day effect fulfilled both conditions 
viz. 15G 1IR, 6G 1IR 9G and 3G 1IR 12G (partly). When flowering 
was not prevented, either the first condition was not fulfilled viz. 
1IR 15G, or the second condition viz. 9G 1IR 6G and 2G 1 BBG: 


d. Antagonism 
It has been reported that the long-day effect of an interruption 
of a long night (= short day) with red light can be antagonized by 


a subsequent exposure to near infra-red radiation. The following 
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experiments were carried out to investigate whether, conversely, the 
long-day effect of near infra-red and possibly also of blue radiation 

can be counteracted by a subsequent exposure to red light or not. 
The plants were exposed to 15 hours of green light followed by 
) 1 hour of green light (16G) 

) 1 hour of green and 4 hour of red light (16G 4R) 

) 1 hour of near infra-red (15G IIR) and 

) 1 hour of near infra-red and 3 hour of red light (SG AIK ZR): 
The intensity of both the green and the red light was 650 «~W/cm?. 

The near infra-red was obtained from a neon lamp with an intensity 
of 120 wW/cm?. Each group consisted of 5 plants. After a treatment 

of 28 days the plants were transferred to long days. The results of 

this experiment are given in Table 8. (Plate 1-c). 


TABLE 8 


The antagonizing activity of red light (650 ~ W/cm?) on the photoperiodic effect 

of near infra-red (120 wW/cm2) given after a long day in green light (650 u“W/cm*). 

Duration of the treatment 28 days. Number of plants per treatment 5. + = 

generative (short-day effect), — = vegetative (long-day effect). Observations 
after 60 days. 


| Condition of the 


Light treatment in hrs per day growing point 


15G iG = ae eR ee 
ae iG 3R + + + + + 
15G 1IR = — = = = = 
15G 1IR | ER + + + 4+ + 


It is obvious from these ‘results that the long-day effect caused by 
1 hour of near infra-red irradiation (15G 1IR) was nullified by a 
subsequent exposure to red light (15G 1IR $R). This red light itself 
(16G 4R) did not influence the effect of a long-day treatment in 
green light (16G). 

Similar experiments were carried out with blue light instead of 
near infra-red. In one of these experiments the intensity of the green 
light was 640 w~W/cm? and that of both the blue and the red light 
760 «W/cm?. Each lot consisted of 6 plants. After the treatment 
which lasted 25 days the plants were kept in long-day conditions. 
The results presented in Table 9 (Plate 1-c) show that the long-day 
effect of blue light is completely comparable with the effect of near 


TABLE 9 


The antagonizing activity of red light (760 uW/cm?) on the photoperiodic effect 

of blue light (760 ~W/cm?) given after a long day in green light (640 « W/cm’). 

Duration of the treatment 25 days. Number of plants per treatment 6. + = 

generative (short-day effect); —- = vegetative (long-day effect). Observations 
after 70 days. 


Light treatment in hrs per day Condition of the growing point 
15G 1G = | [oe See ee oe 
15G _ IR ++ x5 
15G 1B = tae iM 
15G 1B IR ae ek Se ee 


THE SPECTRAL DEPENDENCE OF FLOWERING AND ELONGATION 205 


infra-red radiation, since both can be antagonized by a subsequent 
exposure to red light. 

From these experiments carried out in long days it can be concluded 
that blue and near infra-red radiation are the most active types of 
light in preventing flowering, i.e. for obtaining a long-day effect. 
Red light was much less effective whereas in green light only at 
relatively very high intensities a long-day effect could be obtained. 
In addition it became apparent that this long-day effect caused by 
blue or near infra-red radiation can be antagonized by a subsequent 
irradiation with red light. 


3.1.2 SUPPLEMENTAL LIGHT TREATMENT 


The results presented in the foregoing chapter, showing that blue 
and near infra-red are more active in causing a long-day effect than 
red or green light, are not in agreement with the results obtained 
with numerous plants from supplemental or nightbreak experiments, 
which have shown that red light is the most active type of light. 

In a preliminary experiment with Salvia occidentalis, the plants were 
exposed to short days of 8 hours of white fluorescent light per day 
(main light period). The intensity was 2100 wW/cm?. During the 
8 hours after this main light period, the plants were 
a) kept in darkness (8W) or irradiated with 
b) red (8W 8r), 

c) green (8W 8g) or 
d) blue light (8W 8b) of different intensities. 

All plants were kept in darkness for the remaining 8 hours per day. 
Each lot consisted of 5 plants. After a treatment of 28 days, plants 
were replaced in long-day conditions. The last observations were 
made after 52 days, the results are given in Table 10. 


TABLE 10 
The influence of the light quality on the photoperiodic effect of 8 hrs supplemental 
light (8r, 8g or 8b) given after a main light period (short day) of 8 hrs white 
fluorescent light per day (2100 wW/cm?). Duration of the treatment 28 days. 
5 Plants per treatment. + = generative (short-day effect); —- = vegetative 
long-day effect). Observations after 52 days. 


Light Intensity of the supplemental light (r, g, b) 
treatment in “W/cm? 


in hrs per day | 9 | 50 | 65 | 85 | 250 | 325 | 415 | 500 | 650 | 830 


8W + | 
8W 8r 
8W 8g 
8W 8b — 
The generative plants developed 5 or 6 pairs of leaves before initi- 
ating flower buds, the vegetative plants showed 7 or 8 newly formed 
pairs of leaves. As can be seen in Table 10, at lower intensities blue 
light is more active than red light in prolonging the short main light 
period, resulting in a long-day effect. At higher intensities, both blue 


and red light are effective. 


Se 
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According to the available literature, experiments on the influence 
of supplemental light and nightbreak light have always been carried 
out with main light periods (short days) in white light. This paper 
describes a number of experiments carried out to determine the 
influence of the quality of the light, used during this main light 
period on the photoperiodic effects of supplemental light and night- 
break light (see also 3.1.3). 

First of all it was necessary to find out whether the light quality 
influences the photoperiodic effect of a short-day treatment, i.e. the 
initiation of flower buds. To this purpose plants were exposed daily 
to 10 hours of red, green or blue light with an intensity of about 
900 wW/cm2. These short-day treatments lasted 2, 4, 6, 8, 10, 12, 14 
or 16 days after which the plants were transferred to long-days. A 
short-day treatment during 10 days or less in red or in blue light and 
during 8 days or less in green light was ineffective in inducing flower 
initiation. If the short-day treatment lasted longer, plants exposed to 
red, green or blue light became generative to the same extent, at the 
same time and after the formation of about the same number of 
leaves. Apparently under these experimental conditions, the photo- 
periodic effect of a short-day treatment did not depend on the light 
quality of the photoperiod but only on the duration of the short-day 
treatment. 

In the following experiment the influence of the light quality of 
both the main light period and the supplemental light period on the 
photoperiodic effect is demonstrated. Plants were irradiated daily 
with 10 hours of red. (1OR), green (10G), green + near infra-red 
(10GIR) or blue light (10B).°The intensity of the visible radiation 
was 450 wW/cm? and of the near infra-red added to green light 
115 wW/cm?. After this main light period 3 plants of each group 
were exposed for another 8 hours to supplemental light of low intensity 
in red (10R 8r etc.) or blue (10R 8b etc.). This supplemental light 
treatment was given at a low intensity of 160 wW/cm?. To obtain 
this low intensity, the plants were only irradiated from above, using 
the lamps mounted to the top of the light cabinet. For this reason 
this low light intensity is not quite comparable with those applied 
during treatments in which plants were irradiated from three sides. 
The same procedure was followed in all other experiments with 
supplemental light. After a treatment of 30 days, the plants were 
kept in long-day conditions for another 35 days. The results are given 
in Table 11 (Plate I-d). 

The generative plants developed 4-6 pairs of leaves before initiating 
flower buds; the vegetative plants showed about 12 newly formed 
pairs of leaves after 65 days. 

Supplemental light, whether 8 hours of red or 8 hours of blue used 
after a short-day period in green light (10G 8r, 10G 8b) did not 
cause any long-day effect. If, however, near infra-red radiation was 
used simultaneously with the green light (1OGIR), 8 hours of red 
as well as 8 hours of blue supplemental light (1OGIR 8r, 10GIR 8b) 
did produce a long-day effect. 
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TABLE |] 


Photoperiodic effect of a supplemental irradiation with 8 hrs red or blue hight 
(160 w W/cm?) given after a main light period of 10 hrs red, green, green + infra- 
red or blue light (450 w~W/cm?). Intensity of near infra-red 115 wW/cm?. Duration 
of the treatment 39 days. 3 Plants per treatment. + = generative (short-day 


effect); — = vegetative (long-day effect). Observations after 65 days. 
Main light period | Supplemental light period _ 
in hrs per day 8 hrs dark | 8 hrs red 8 hrs blue 
10R ee ee ee ee 
10G gy ecg ee ee ee ee Oe a 
10GIR + + + eee ee | ee 
10B Si are ae eg) a eee ee 


After a main light period in blue light only a supplemental light 
treatment with blue light (10B 8b) caused a long-day effect; 8 hours 
of red light (10B 8r) did not prolong the short main light period. 

After a short day in red light, 8 hours of supplemental red light 
(10R 8r) did not prevent flower initiation, supplemental blue light 
(10R 8b), however, did. The long-day effect obtained with 10R 8b 
was somewhat less pronounced than that obtained with 10B 8b. All 
the growing points, terminal or axillary, of the plants treated with 
10B 8b remained completely vegetative, but the plants exposed to 
10R 8b showed a generative tendency, one plant of this group 
developing 3 pairs of bractlike leaves after which normal vegetative 
growth was resumed; moreover, all the laterals of the plants of this 
group initiated flower buds. 

In a similar experiment the main light period lasted only 8 hours 
and the intensity of the supplemental irradiation was only 95 «W/cm? 
in stead of 160 wW/cm? as in the foregoing experiment. ‘The results 
of this experiment which lasted 30 days are collected in Table 12. 
The last observations were made 75 days after the beginning of the 
treatment. All plants which remained vegetative had developed about 
15 new pairs of leaves, the generative plants initiated flowering after 
about 6-8 newly formed leaf pairs. 


TABLE 12 


Photoperiodic effect of a sup)-lemental irradiation with 8 hrs red or blue light 

(95 uW/cm2) given after a mi in light period of 8 hrs red, green, green + infra- 

red or blue light per day (470 uW/cm?). Intensity of near infra-red: 115 wW/cm?. 

Duration of the treatment 30 days. Number of plants per treatment Ano 

generative (short-day effect); —- = vegetative (long-day effect). Observations 
after 75 days. 


Main light period Supplemental light period 


in hrs per day 8 hrs dark | 8 hrs red 8 hrs blue 


Bi pe med Nae TA ae Beet og Maat | oe 
8G fuel hms desma cbs) ah thatch a 
8GIR +++ 4+] 4+ i 

8B Bt ales Sag) Pe tae OR ce ae se ee 


Under these conditions only a treatment with a main light period 
containing near infra-red radiation was active in producing a long-day 
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effect and blue supplemental light (@GIR 8b) was found to be more 
active than red supplemental light (8GIR 8r). 

Thus the results of the experiments carried out in long days are 
in agreement with those of the experiments with supplemental light 
after a short-day period, all results indicating that blue and near 
infra-red radiation are more active than red light in preventing 
flowering (long-day effect). ee if 

In a previous paper it has been reported that red nightbreak light is 
more active than blue light in preventing flowering of Salvia occidentalis. 
(Meyer et al. 1957). To get some information about the difference 
between nightbreak light and supplemental light treatments, experi- 
ments were carried out comparing both types of treatment and the 
change-over from one into the other. 

The plants were grown in 10 hours-of red (10R) and 10 hours of 
blue light (10B) per day; the light intensity was 670 wW/cm?. After 
this short main light period, separate groups of 3 plants were treated 
with 
a) 8 hours of red (10R 8r, 10B 8r) or blue light (10R 8b, 10B 8b), 
b) 4 hours of darkness followed by 4 hours of red (—4D 4r) or 

4 hours of blue light (—4D 4b), 

c) 6 hours of darkness followed by 2 hours of red (—6D 2r) 

2 hours of blue light (—6D 2b), . 

d) 7 hours of darkness followed by 1 hour of red (—7D Ir) or 

1 hour of blue light (—7D 1b), 
) 74 hours of darkness followed by 4 hour of red (—74$D $r) or 

4 hour of blue light (—74D 4b) and 
ff) no supplemental light (JOR and 10B). 

All plants were kept in darkness for the remaining 6 hours per day. 
The intensity of the supplemental red and blue light was 185 «W/cm?. 
After 26 days the treatment was discontinued and the plants were 
returned to long-day conditions. The last observations were made 
after 56 days, the results are given in Table 13 (Plate 2-e). 


TABLE 13 
Photoperiodic effect of blue and red light (185 ~W/cm?) given in an 8-hour period 


following after a main light period of 10 hrs red or blue light (670 ~W/cm?). 
Duration of the treatment 26 days. 3 Plants per treatment. + = generative 


(short-day effect); — = vegetative (long-day effect). Observations after 56 days. 
Main light period ___10 hrs Red 10 hrs Blue 
Supplemental 
8-hour period red blue red blue 
hrs dark | hrs light 
0 8 ee eS Sine eee mae Ae te 
4 te ele ak es Be = 
6 2 as as a, se) oi Sh esl at 
7 l ae Ti aa io) oes ee ae + sr ost 
73 2 oF Wee nae + ee ee 3 ici 
8 0 tr 44a? Ar atest Ate aie 


¥*SEE TEXT. 
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The plants exposed to 10R or 10R 8r did not remain vegetative, 
but a treatment with 10R 8b prevented flower initiation. Although 
10R 8r did not prevent flower initiation, yet this process was some- 
what retarded (8 pairs of leaves formed before flower buds were 
initiated) when compared to the other groups of generative plants 
(4-6 pairs of leaves developed prior to flower initiation). 

All plants, receiving a few hours of darkness between the main 
light period in blue light (10B) and the additional red light (—1) 
remained vegetative (10B 4D 4r ... 10B 74D #3r). If the red light, 
however, immediately followed the main light period (10B Sr) no 
long-day effect was obtained. 

When blue light (—b) was given in the 8-hour period after 10B, 
a long-day effect was only obtained with 4 or 8 hours of additional 
blue light (10B 4D 4b, 10B 8b); less than 4 hours of blue light 
(10B 6D 2b, ... 10B 73D 3b) were not effective in preventing flower 
initiation. 

It is obvious that as far as 10B 8r is concerned, the ineffectiveness of 
red supplemental light in causing a long-day effect cannot be due to 
an inactivity of the red light itself as 4 hours of red (10B 4D 4r) or 
less succeeded in preventing flower bud formation. On the contrary 
it is obvious that red light is even more active than blue light, $ hour 
of red light (10B 74D 4r) being already sufficient where 2 hours of 
blue light (10B 6D 2b) were ineffective. The ineffectiveness of 8 hours 
of supplemental red light (10B 8r) in producing a long-day effect 
might be caused by: 

a) the absence of a dark period between the main light period and 
the supplemental light period, or 
b) an antagonizing effect of red light (the first four hours of —8r). 

In the following éxperiment plants were exposed to a short-day 
treatment of 8 hours of blue light per day (8B) with an intensity of 
580 »W/cm2. In the 8-hour period after this main light period the 
plants were 
a) kept in darkness (8B) or treated with 
6) 4 hours of darkness followed by 4 hours of red light (8B 4D 4r), 
c) 8 hours of red light (8B 4r 4r) 

d) 4 hours of blue followed by 4 hours of red light (8B 4b 4r), 
e) 8 hours of blue light (8B 4b 4b) or 
f) 4 hours of blue light followed by darkness (8B 4b 4D). 

The intensity of both the blue and the red additional light was 
200 wW/cm?2. After this 8-hour period all plants were kept in darkness 
for the remaining 8 hours per day. The treatment lasted 29 days 
after which the plants were transferred to long days. ‘The last obser- 
vations were made after 59 days. 

The: results presented in Table 14 (Plate 2-f) showed that the 
long-day effect of the last 4 hours of red light (8B 4D 4r) is prevented 
if it is preceded by 4 hours of red light (8B 4r 4r). 4 Hours of blue 
light given immediately after the main light period (8B 4b 4D) 
_-which in itself did not cause any long-day effect—did not influence 
the activity of a following exposure to 4 hours of red light (8B 4b 4r). 
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TABLE 14 
Photoperiodic effect of blue and red light (200 «W/cm”*) given in an 8-hour period 
after a main light period of 8 hrs blue light (580 ~W/cm?*). Duration of the treat- 
ment 29 days. Number of plants per treatment 3. + = generative (short-day 
effect); — = vegetative (long-day effect). Observations after 59 days. 
ee ee 


i t in h d : 
Ligne val £ ae ee | Condition of the 


Main light period | Supplemental growing point 
8 hrs per day | 8-hour period 
8B | see ily BaD | 
8B bf ayy P Mae Wi pre ee ee 
8B | 4r ee 
8B 4b 4r — — — 
8B | 4b 4b | — 
8B 4b be 450) + + + 


Obviously, red light is more active than blue light in causing a 
long-day effect provided it is not given immediately after the main 
light period. 


3.1.3  NIGHTBREAK TREATMENT 

The influence of the light quality of the main light period on the 
photoperiodic effect of a nightbreak treatment was studied in the 
following experiments with Salvia occidentalis. Red light was used to 
interrupt the long dark period as it had been shown to be the most 
active in causing a long-day effect. 

Six lots of plants were exposed to short days of 8 hours of red, 
green or blue light per day with and without a simultaneous addition 
of near infra-red radiation’‘Some of the plants of each group were 
irradiated with 15 minutes red light to interrupt the corresponding 
long dark period from 7.45 hours—8 hours after its beginning. The 
intensity of the light of the main light period was 450 «W/cm, of the 
near infra-red 200 wW/cm? and of the red nightbreak light 630 
uW/cm2. The number of plants per treatment was 3. After the experi- 
ment had lasted 25 days, the plants were transferred to long days. 
After 50 days the last observations were collected. The results are 
presented in Table 15. (Plate 2-g). The generative plants formed 

TABLE 15 
The influence of the ight quality of an 8-hour main light period on the photo- 
periodic effect of a night interruption with 15 minutes red light (15’R). Intensity 
of the visible radiation of the main light period 450 wW/cm? and of the near 


infra-red 200 u«W/cm2. Intensity of the red nightbreak light 630 w~W/cm?. Duration 
of the treatment: 25 days. 3 Plants per treatment. + = generative (short-day 


effect); — = vegetative (long-day effect). Observations after 50 days. 
Main light period Nightbreak light 
in hrs per day dark control ISSIR 
SS EE SE ee ee 
8R gle GAD TG “hel aa ene 
8RIR ae fe eels gh ete 4. ieee 
8G ta? eh ae ot teat 
8GIR apt oe ae a 
8B =e ee a= 
8BIR eee ee = ae 
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about 5 leaf pairs before flowering was initiated, the vegetative plants 
had developed 9 or 10 new pairs of leaves after 50 days. 

It is clear that an interruption of the long dark period with red 
light (—15’R) is only effective in preventing flowering when the 
preceding main light period contained blue or near infra-red radiation 
(8B-15’R or 8GIR-15’R). 

In experiments with white fluorescent light it was often noted that 
under certain conditions this light is less active in causing a long-day 
effect than, e.g. natural day-light. 

In the next experiments the plants were kept in short days of 
a) 10 hours of blue light (10B) with an intensity of 670 wW/cm2, or 
6) 10 hours of white fluorescent light (10W) with an intensity of 

3250 wW/cm?. 

From both groups some plants were kept in darkness for the 
remaining 14 hours (10B, 10W). Other plants of each group were 
irradiated with red nightbreak light. This light was given only from 
above; the intensity was 185 uW/cm?. This irradiation lasted thirty 
minutes (—30’R), 60 minutes (—60’R) or one hundred and twenty 
minutes (—120’R) and was given from respectively 74, 7 and 6 hours 
up to 8 hours after the beginning of the long night period of 14 hours. 
The treatment was finished after 26 days; the last observations were 
made after 80 days. The results are given in Table 16. The gener- 
ative plants developed 5 to 7 pairs of leaves before flower buds 
appeared; the plants which remained vegetative showed 13 or 14 
newly formed leaf pairs at the end. 


TABLE 16 
Photoperiodic effect of red nightbreak light (185 W/cm?) as influenced by the 
preceding short-day period of 10 hrs blue (670 wW/cm?) or 10 hrs white fluorescent 
light (3250 4W/cm?) per day. Duration of the treatment: 26 days. 3 Plants per 
treatment. + — generative (short-day effect); —- = vegetative (long-day effect). 
Observations after 80 days. 
Main light period 


5 |_ = a = = 
in hrs per day | dark 30’R 60’R 120’R 
10B }+ + + 
10W + + +4 


The plants exposed to short days in blue light, proved that a night 
interruption with 30 minutes of weak red light (10B-30’R) was 
enough to cause a long-day effect. If, however, the plants were grown 
in 10 hours of white light per day, it was found that even a night 
interruption with 120 minutes of red light (LOW-120’R) was not 
completely effective in preventing flowering; only two plants remained 
vegetative. ta: 

It may be noted here that the intensity of the white light was 
about five times the blue light intensity. As calculated from the 
emission spectrum of the lamp (“TL” 80W/33), white fluorescent 
licht contains 25 % blue radiation in the wave-length region of 

— 4000-5000 A i.e. about 800 ~W/cm?. This was even higher than 
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areas 


the intensity of 10B (670 #W/cm®) for which a nightbreak with 
3() minutes of weak red light was sufficient to cause a long-day effect; 

As was shown in experiments mentioned before, both blue and near 

infra-red radiation are active in the same way: the activity of both 
can be antagonized by red light. The following experiments were 
carried out to determine whether the long-day effect of a night inter- 
ruption with red light can be counteracted by a following exposure 
to blue in a similar way as by an exposure to near infra-red, the 
antagonistic effect of the latter having been proved for many plant 
species. 
’ The plants were grown in 10 hours of blue light per day (1OB). 
Five hours after the beginning of the long dark period groups of 
4 plants were exposed to 10 minutes of red nightbreak light (—10’R) 
after which 0 minutes (10B-10’R), 15 minutes (10B-10’R15’RI) or 
30 minutes (10B-10’R30’IR) near infra-red radiation were given. 
Other groups were not exposed to the red nightbreak light but only 
to 15 or 30 minutes near infra-red radiation (10B-15’IR and 10B— 
30/IR). In another experiment the plants were treated with 15, 30 
or 60 minutes: of blue light instead of near infra-red radiation. 
(10B-10’R15’B; 10B-15’B etc.). The intensity of the blue light was 
580 uW/cm?, of the red light 700 «W/cm? and of the near infra-red, 
obtained from a neon lamp, 175 “W/cm?. The treatment lasted 25 
days after which the plants were returned to long-day conditions; 
the last observations were made after 56 days. 

The results of the experiment with near infra-red are given in 
Table 17 (Plate 2-h). The generative plants developed 4 or 5 pairs 
of leaves before flower buds appeared. After 56 days the vegetative 
plants showed 10 newly formed pairs of leaves. 


TABLE 17 


The antagonizing activity of near infra-red (175 wW/cm*) on the long-day effect 

of a nightbreak with 10 minutes red light (700 #W/cm?) after a main light period 

of 10 hrs blue light (580 wW/cm?). Duration of the treatment 25 days. Number of 

plants per treatment 4. + = generative (short-day effect); —- = vegetative (long- 
day effect). Observations after 56 days. 


Main- light period Night interruption | Condition of the 
in hrs per day in minutes per night | growing point 
| 
| 
10B a = | at 
10B VOR ch ued Be 
10B lion i) + + 4+ + 
10B OR”) “YSTR || 4 ee 
10B — | 30IR | + + +4+ + 
10B 10’°R | Ser. | + + 4+ + 


_It is obvious that in Salvia occidentalis, too, the long-day effect of a 
night interruption with red light (10B-10’R) is nullified by a following 
exposure to near infra-red (10B-10’R15’IR) and 10B—10’R30’IR). 
The near infra-red radiation itself (1OB-15’IR and 10B—30’IR) did 
not show a photoperiodic effect under these conditions as flower 
initiation was not prevented. 
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_ As can be seen in Table 18 (Plate 2-h) blue light too was effective 
in antagonizing the effect of red nightbreak light. In this experiment 
the generative, respectively vegetative, plants developed about the 


TABLE 18 


The antagonizing activity of blue light (580 wW/cm?*) on the long-day effect of 
a night interruption with 10 minutes red light (700 wW/cm?) after a main light 
period of 10 hrs blue light (580 w~W/cm?). Duration of the treatment: 25 days. 
4 Plants per treatment. + = generative (short-day effect); — = vegetative (long- 
day effect). Observations after 56 days. 


Main light period Night interruption | Condition of the 
in hrs per day in minutes per night growing point 

10B | — + + + + 
10B 10’R 
10B — 15’B + + 4+ + 
10B 10’R 15’B 
10B — | 30’B 
10B 10’R | 30’B sce mio’ gicale 
10B — 60’B | tr 
10B 10’R 60’B | 


same number of leaves as the corresponding plants in the foregoing 
experiment. 

A nightbreak with blue light did not cause a long-day effect 
(10B-15’B ... 10B-60’B). However, 30 minutes of blue light were 
sufficient to antagonize the long-day effect of a foregoing exposure 
to 10 minutes of red light (10B—10’R30’B). It is remarkable that a 
longer exposure to blue light, viz. 60 minutes did not nullify this 
long-day effect of 10 minutes of red nightbreak light (10B-10’R60’B). 

In the following experiments the photoperiodic effect of near 
infra-red, given as nightbreak light, is demonstrated. ‘Two groups of 
plants were daily exposed to 8 hours of red light (8R) or to 8 hours 
of red light, followed immediately by one hour of near infra-red 
(8R1IR). Seven hours and 20 minutes after the end of the main 
light period lots of 4 plants, treated daily with 8R1IR, were exposed to 
a) 10 minutes of red nightbreak light (8R1IR-10’R), 

b) 10 minutes of red followed by 15 minutes of near infra-red 
(8RIIR-10’R15’IR) or followed by 

c) 60 minutes of near infra-red (8R1IR-10’R60’IR) and 

d) 60 minutes of near infra-red without preceding red light 
(8R1IR-60’TR). pif 

The intensity of the red radiation during the main light period 
was 670 uW/cm2, of the red nightbreak light 700 wW/cm? and of 
the near infra-red radiation, obtained from neon lamps, 200 uW /cm?. 
The treatment lasted 25 days, the last observations were made after 
55 days. The results are presented in Table 19A (Plate 2+). _ 

Separate lots of 4 plants, treated with a short daily light period 
of 8R, were 
a) kept in darkness during the remaining 16 hours per day (8R) 

or exposed to 
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b) 10 minutes of red light (8R—10’R) and 

c) 10 minutes of red followed by 60 minutes of near infra-red 

(8R-10’R60’'IR), both treatments started 20 minutes past the 

middle of the dark period; 

d) 30 minutes of red (8R—30’R) and 

e) 30 minutes of red followed by 60 minutes of near infra-red 

(8R-30’R60’IR), both treatments started at the middle of the 

night period; 

jf) 60 minutes of red (8R-60’R) and 

g) 60 minutes of red followed by 60 minutes of near infra-red 

(8R-60’R60’IR), both treatments started 30 minutes before the 

middle of the night period; 

h) 60 minutes of near infra-red (8R-60’IR) given at the same time 
as in c, e and g, ie. 84 hours after the beginning of the long 
dark period. 


TABLE 19 A AND B 
The influence of a nightbreak with red (700 w~W/cm?) and/or with near infra-red 
(200 wW/cm?2) after a main light period of A: 8 hrs red light (670 wW/cm?*) + 
1 hr near infra-réd (200 uwW/cm?) or B: 8 hrs red light (670 ~W/cm?).. Duration 
of the treatment: 25 days. 4 Plants per treatment. + = generative (short-day 


effect); —- = vegetative (long-day effect). Observations after 55 days. 
Main light period Night interruption | Condition of the 
in hrs per day in minutes per night growing point 
N 
8R IIR — -~ + + 4+ + 
8R IIR 10’R —- 
8R 1IIR 10’R 15’/IR + + 
SRR —- 60’/IR 
8R IIR 10’R 60’/IR 
‘ es 
a =. = ae 
8R —_ 60’IR Se ley) 1 
8R 10’°R = es ee oe 
8R 10’R 60’/IR i a 
8R | 30’R — oo eee 
8R 30’R 60’/IR oe ee 
8R | 60’R — an IE 
8R | 60’R 60’IR 


The conditions were just the same as described above; the results 
of this experiment are given in Table 19B (Plate 2-i). In both experi- 
ments the generative plants developed 5 or 6 new pairs of leaves 
before flower buds were initiated; the plants which remained vege- 
tative showed, 55 days after the beginning of the treatment, about 
9 or 10 newly formed leaf pairs. 

As can be seen in Table 19, a night interruption with —10’R was 
only effective in causing a long-day effect when given in co-operation 
with a main light period of 8RIIR (8RIITR-10’R) but not with 
8R (8R-10’R). With 8R, a nightbreak with even 60’R was not 
effective, flowering being not prevented. 
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Moreover it was found that a nightbreak with —60’IR was photo- 
periodically active when given in combination with a. main light 
period of 8RIIR as a long-day effect was obtained (8R1IR-60’IR). 
In co-operation with a main light period of 8R, a night interruption 
with 60’IR was not effective in this respect (8BR-60’IR). Ef, however, 
the —60’IR was preceded by —60’R a long-day effect was obtained 
(8R-60’R60’IR), in spite of the ineffectiveness of each component 
(—60’R and —60’IR) when used separately. 60’IR after —30’R caused 
some prevention of flowering (8R-—30’R60’IR). 

Obviously the effect of red nightbreak light can be counteracted 
by a subsequent exposure to near infra-red or blue light. It was also 
shown that under certain conditions near infra-red radiation can be 
active as nightbreak light. 


3.1.4 EXPERIMENTS WITH OTHER PLANTS 


Some experiments were carried out with other plants than Salvia 
occidentalis. 

Long-day experiments with Hyoscyamus mger (LDP) confirmed the 
results of Srotwiyk ef al. (1955) and Currey et al. (1956), blue or 
near infra-red radiation being necessary for obtaining a long-day 
effect. In nightbreak experiments it was shown that red nightbreak 
light was only effective in causing a long-day effect when it was 
given in combination with a main light period in blue light (10B-10’R), 
the effect of near infra-red was not investigated (MEER ef al. 1957). 
In experiments with supplemental light, the plants were daily exposed 
to a short day (main light period) in red, green, blue (490 wW/cm?) 
or green + near infra-red (160 wW/cm?) after which the plants were 
kept in darkness or exposed to 8 hours of red or blue light (165 wW/cm?). 
It was found that blue supplemental light did not cause a long-day 
effect and that red supplemental light was only effective in this 
respect when it was preceded by either 10 hours blue (10B 8r) or 
10 hours of green + near infra-red (10GIR 8r). 

Petunia hybr., a non-obligate long-day plant, exposed to long days 
(16 hours light per day) in red, green, blue or green +- near infra-red 
(400 wW/cm?), started bolting almost immediately in 16B or 16GIR 
and flowering was obtained about 6 weeks after the beginning of the 
treatment. In 16R or 16G the plants remained in the rosette form; 
no flowering occurred, even not after 4 months when the treatment 
was discontinued. The elongation in 16B and 16GIR is not a long-day 
effect because it also results from a short-day treatment (10 hours of 
light per day). In this case, however, no flowering was obtained. 

With Chrysanthemum parthenium (LDP) it was found that a long-day 
treatment in red, green or blue light (700 WW cm?) resulted in a 
long-day effect. In blue light, however, flowering was accelerated as 
+n 16B flower buds were visible after 19 days, in 16R and 16G after 
29 days. ' 

Similar results were obtained with representatives of the Crucifereae. 

In long-day experiments with Sinapis alba (LDP), with a light 
intensity of 610 wW/cm? it was found that blue light accelerated 
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flowering when compared with red or green light: in 16B plants 
showed flower buds after 15 days, in 16R or 16G after 32 days. With 
a light intensity of 250 wW/cm?, in 16B the flower buds were visible 
after 27 days, whereas in 16R or 16G the plants remained vegetative 
even after two months. 

A long-day treatment of Nasturtium palustre (LDP) with red, greet, 
blue or green + near infra-red at an intensity of 490 uW/cm? showed 
that a long-day effect was only obtained when the plants were exposed 
to blue or near infra-red radiation. At an intensity of 700 w~W/cm?, 
however, 16R was also effective in causing a long-day effect. 

Of Arabidopsis thaliana (LDP) three strains of different origin were 
compared. At an intensity of 470 ~W/cm? only one strain initiated 
flower buds in 16B and in 16BIR. In the other two varieties flowering 
was only obtained when near infra-red was given simultaneously 
with the blue light (16BIR). One of these less sensitive strains initiated 
flowering in 16B when the intensity was raised to 650 “W/cm?. In 
16R or 16G (470 or 650 wW/cm?) all three varieties remained 
vegetative. 

Some other plant species as Kalanchoé blossfeldiana, Euphorbia 
pulcherrima and Xanthium pennsylvanicum, all short-day plants, did not 
show this spectral dependence under our experimental conditions. 

Obviously the requirement of blue or near infra-red for obtaining 
a long-day effect is not restricted to Salvia occidentalis and Hyoscyamus 
niger, although there seem to exist plants which do not show this 
spectral dependence. 


3.1.5  Discusston 


1. Dual effect of light on flower formation 


Several authors have observed that the flower formation of various 
plants does not depend on light but even occurs in darkness (Borc- 
STROM 1939; Lane e¢ al. 1943; LEopotp 1949, 1952; Fire et al. 1953). 

TasHima (1953, — et al. 1953) sowed and cultivated Pharbites Nil 
(SDP) and Raphanus sativus (LDP) on a culture medium in complete 
darkness. Under these conditions flower initiation occurred. When 
the plants were irradiated, however, no flowering was initiated unless 
the plants were exposed to an inducing daylength, i.e. Pharbites to 
short days, Raphanus to long days. No differences were observed 
between the plants in darkness and those in the inducing daylength 
as far as the flower initiation was concerned. Similar results were 
obtained with some other long-day plants. Apparently light inhibits 
flower formation, which inhibiting effect can be antagonized by a 
certain light treatment (photoperiodic reactions). 


2. Light intensity and photoperiodic response 


Whether a light treatment is succesful or not in inducing flower 
formation does not depend on the daylength only (photoperiodic 
reactions), but also on the light intensity (photosynthesis). 

In the case of Xanthium pennsylvanicum (SDP), Hamner (1940) 


THE SPECTRAL DEPENDENCE OF FLOWERING AND ELONGATION 27) 


demonstrated that flower formation was only obtained after an 
inductive long dark period (short-day treatment) if this had been 
preceded by a light period of a sufficiently high light intensity. This 
light of high-intensity could be replaced by a supply of carbohydrates. 
Therefore it was concluded that in this case the photoperiod is only 
necessary to produce sufficient photosynthates. (BONNER et al. 1953). 
Hence the absence of flower formation in our experiments with 
Salvia occidentalis, exposed to a light intensity of 85 wW/cm? (Tables 
3 and 4), may also be due to a lack of photosynthates. 

In experiments with Perilla (DE ZEEUW, 1953) and Salvia (Table 2), 
both short-day plants, it was found that with a long-day treatment 
no long-day effect was obtained when the light intensity was too low. 
From the experiments described in this paper it is obvious that this 
phenomenon is not caused by the decrease of photosynthesis (‘Table 3). 


3. Short-day treatment 


Information on the spectral dependence of the effect of a short-day 
treatment is scanty. WALLRABE (1944), using Kalanchoe (SDP) has 
reported that blue light was more active than red light in causing 
a short-day effect, green light being not active in this respect. She 
supposed some relation to exist between the photoperiodic response 
and photosynthesis. Short-day experiments with Salvza occidentalis 
(SDP) and Kalanchoe did not confirm this spectral dependence of the 
short-day effect (MEYER et al. 1957). It is possible, however, that 
during these experiments the light intensity was too high for obtaining 
a possible dependence of the photoperiodic response on wave length. 


4. Long-day treatment 

The spectral dependence of the activity of a long-day treatment 
which has been demonstrated by Srotwyjk e¢ al. (1955) and CurREY 
et al. (1956) in the case of Hyoscyamus niger (LDP) was confirmed 
for Salvia occidentalis (SDP) and some long-day plants. Long-day 
experiments with Salvia in coloured light at different intensities 
(Table 3) show that: 
1°. all spectral regions are active in producing a long-day effect; 
9°. near infra-red and blue light are, however, the most active types 

of light in this respect. Red light is less effective whereas green 
light is only slightly active (Plate l-a). eee 

Similar results were obtained with the long-day plants Arabidopsis 
thaliana, Nasturtium palustre and Sinapis alba (3.1.4). 

In the case of Kalanchoe and Euphorbia (both SDP) a long-day 
treatment was equally effective in red, green or blue light. Judging 
from the response of the other plant species used it is possible that 
the light intensity to which these two species were exposed was too 
high, to find a spectral dependence. 


5. Nightbreak treatment 
It has been shown that red light is more active than blue light 
when it is used to interrupt the long dark period after a short day 
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in white light (e.g. PARKER ef al. 1950). This spectral dependence 
of nightbreak light was confirmed for both Hyoscyamus (STOLWYK et al. 
1955) and Salvia (MEER 1957a). 

Srotwyk et al. supposed that for obtaining a long-day effect: not 
only the blue, near infra-red reaction was required because a short-day 
treatment in light of these wave-length regions did not result in causing 
a long-day effect. They suggested that ‘“‘an additional photoperiodic 
Stimulus is required-... .~. a 

In the present paper it is clearly demonstrated that for obtaining 
a long-day effect at least two photoreactions with a different spectral 
sensitivity are required. In nightbreak experiments with Salvia and 
Hyoscyamus it was observed that red nightbreak light was only effective 
in combination with a main light period (short day) in blue or in 
green + near infra-red. After a main-light period in red or in green 
light, a night interruption with red light did not cause a long-day 
effect (Plate 2-¢). 

Hence it may be concluded that it depends on at least two photo- 
reactions whether a long-day effect will be obtained or not, viz.: 
1° a “main-light-period reaction” which is most sensitive to near 

infra-red and blue radiation; 
2° a “nightbreak reaction”, in which red light is the most promotive 
spectral region. 

In the case of a long-day treatment with e.g. 16B it seems as if 
the “main-light-period reaction” is already sufficient to cause a 
long-day effect. Although red light is the most active wave-length 
region in inducing the ‘‘nightbreak reaction’, the other spectral 
regions too are active, even near infra-red (CaTuEy et al. 1958), but 
to a much lesser extent. For this reason both reactions can occur 
when the plants are exposed to 16B. The first 10 hours of blue light 
will induce the main-light-period reaction, whereas the last part of 
the 16-hour photoperiod will be sufficient, even in blue light, to 
cause the nightbreak reaction. 

The long-day effect of 16R and 16G (provided that the light inten- 
sity is sufficiently high) can be explained in a similar way: the last 
6 hours of red “nightbreak” light may be sufficient for obtaining 
a long-day effect after a weak main-light-period reaction caused by 
the first 10 hours of red light. 


6. Relation between the two reactions 


The quantitative relation between both reactions assumed above 
is confirmed by the observation that the effect of a certain amount 
of nightbreak light depends on the intensity of the main-light-period 
reaction. It was found that 30 minutes of nightbreak light of low in- 
tensity was sufficient after a main light period of 10 hours of blue light 
but insufficient after a main light period of 10 hours of white light. 
(Table 16). A main-light-period reaction, however, was also induced 
by white light but for obtaining a long-day effect more nightbreak 
light was necessary. The data presented in Table 11 and 12 confirm 
this conclusion. Besides, these data demonstrate that near infra-red 
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is more active than blue light in inducing the main-light-period 
reaction, a main light period of 8GIR being more effective than a 
main light period of 8B. 
_ In addition to the dependence of the nightbreak reaction on the 
intensity of the main-light-period reaction, yet another correlation 
between both reactions was observed. It has been reported that 
nightbreak light is the most active when used near the middle of the 
long dark period. The closer the moment of nightbreak to the beginning 
or the end of the dark period, the higher the light intensity necessary 
for obtaining a long-day effect (e.g. Konrrz, 1958). This influence of 
the time interval is clearly demonstrated in the experiment presented 
in Table 7 (see also Plate 1—b). One hour near infra-red given alter- 
nately with green light only causes a long-day effect if: 
1° the near infra-red period is preceded by some hours of light 
(Plate 1—b, region between dotted lines); the influence of this 
light period is unknown, but it may be necessary for the production 
of carbohydrates and 
2° light is given in a period, 8 to 10 hours after the beginning of the 
near infra-red period (region between broken lines). 

In preliminary experiments Salvia was exposed to a main light 
period of 8G IIR. It was observed that 10 minutes of red light was 
not effective in causing a long-day effect when given 74 hours after 
the beginning of the near infra-red irradiation. When used one hour 
later, however, it was effective in this respect. The dependence of 
the long-day effect on both conditions mentioned above is also 
demonstrated in experiments presented in Plate 2-1. 

It is supposed that near infra-red or blue light induces the main- 
light-period reaction, the green or red light being active in causing 
a nightbreak reaction but only when given a certain number of 
hours after the main-light-period reaction was induced. 


7. Supplemental light treatment 


A supplemental light treatment with low light intensity may be 
conceived as a nightbreak treatment, the dark period between the 
main light period and the nightbreak being filled up with light. 
This conception is supported by the spectral dependence. It has been 
reported for almost all plant species that red light is more active in 
producing a long-day effect than blue light, either as a night interrup- 
tion or as supplemental light. 

An exception, however, has been reported for a number of plants, 
all belonging to the Cruciferae (FunKE, 1948). For these plants it was 
noted that on the contrary blue supplemental light is photoperiodi- 
cally more active than red supplemental light. Wasstnx et al. (1950) 
and Srotwyk (1954) confirmed this activity of blue light, used as 
supplemental light, for some other cruciferous plants and observed 
an activity of near infra-red radiation too, in this respect. 

In this paper results obtained from long-day experiments with 
three Cruciferae (3.1.4) show the same blue and near infra-red 
sensitivity. It may well be that representatives of this plant family 
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are exceptional in their response to light in that only the “main- 
light-period reaction’’ is involved in the process leading to a long-day 
effect. However, as far as known, no nightbreak experiments with 
Cruciferae have been carried out in coloured light. Experiments with 
Hyoscyamus showed that this exceptional spectral dependence of 
supplemental light is not restricted to the Cruciferae, near infra-red 
being more active in causing a long-day effect than red light (SroLwyk 
Gal 990)). 

For Salvia occidentalis the same spectral dependence was observed 
as found for the Cruciferae, blue light being more active in causing 
a long-day effect than red light (Plate 1-d). In the nightbreak 
experiments it was found that red light was more active than blue 
light (Plate 2-¢). However, as far as Salvia occidentalis is concerned 
it was demonstrated that the exceptional spectral dependence was 
only apparent. Experiments in which the supplemental light period 
was shortened and a dark period was inserted between the main 
light period and the “supplemental light’” demonstrate that the 
inactivity of a treatment with red supplemental light was not caused 
by any inactivity of the red light, but was due to an antagonizing 
effect of the red light on the main-light-period reaction induced by 
blue light (Plate 2-e, f). 

Hence it is obvious that the photoreaction activated by supplemental 
light is just the same as the photoreaction activated by a nightbreak. 
It is quite probable that the results of FUNKE, of WaAssINK et al. and 
those of Srotwijk mentioned above are also due to the antagonizing 
effect of red light on the main-light-period reaction. 


8. Antagonism 


a. Main-light-period reaction 

This antagonizing activity of red light on blue light is also demon- 
strated in long-day experiments (Plate 1—c). Blue light, given supple- 
mentarily after green light (15G 1B), caused a long-day effect. This 
activity of blue light was reversed by subsequent exposure to red 
light (15G 1B 1R). In similar experiments the antagonizing activity 
of red light on the effect induced by near infra-red was shown (Plate 
l-c). 15G 1IR caused a long-day effect which was nullified by a 
subsequent exposure to red light (15G 1IR 4$R). 

The lower activity of white light, as compared to blue light, in 
causing a long-day effect (Table 16), may be due to the antagonizing 
effect of red on blue light. WassINK et al. (1957) too, have demonstrated 
this antagonizing activity in long-day experiments with Hyoscyamus. 
Red light, given simultaneously with blue light prevented the long- 
day effect caused by blue light. 

b. Nightbreak reaction 

_ An antagonism comparable to that described above for the main- 
light-period reaction has already been shown for the nightbreak 
reaction, near infra-red antagonizing the effect of red nightbreak 
light (BorrHwick ef al. 1952). This antagonizing activity of near 
infra-red, demonstrated with various plants, is confirmed in the case 
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AGS occidentalis (Plate 2-h) and Ayoscyamus niger (STOLWYK et al. 
_ In experiments described in this paper it was observed that blue 
light too can nullify the effect of red nightbreak light (Plate 2-h). 
This antagonizing effect of both blue and near infra-red is in agree- 
ment with the results obtained from experiments on the germination 
of seeds (Fiint et al. 1935, WaREING e¢ al. 1958) and of fern spores 
(MOHR 1956). 


9. Dual role of light 


It appears, however, that blue light does not only antagonize the 
nightbreak reaction induced by a preceding night interruption with 
red light. It has been demonstrated that light of this wave-length 
region is also effective in promoting the nightbreak reaction, a much 
larger amount of energy being necessary than with red light (PARKER 
et al. 1950). This promotive activity of blue light is also shown in this 
paper (Plate, 2—e). 

A similar antagonizing activity (BorTHwick ef al. 1952) and 
promoting activity (CaTHey ef al. 1957) of near infra-red radiation 
used as nightbreak light was reported and confirmed for Salvia 
occidentalis. In Table 19A (Plate 2-1) both the antagonizing and the 
promotive activity of near infra-red on the nightbreak reaction are 
demonstrated. 

Concerning the main light period it is obvious that red light not 
only counteracts the promoting effect of blue or near infra-red 
(Plate 1-c), but can also induce the main-light-period reaction, 
although to a much lesser extent than blue or near infra-red. A 
long-day effect with 16 hours red light per day is only obtained with 
relatively high light intensities (Table 3). 

So it will depend on the amount of light whether an antagonizing 
or promoting effect is obtained: of blue and near infra-red on the 
nightbreak reaction and of red light on the main-light-period reaction. 


10. Conditions for obtaining a long-day effect 

From the data discussed above it may be concluded that for 
obtaining a long-day effect the following conditions must be fulfilled: 
a. a main-light-period reaction must be present (Table 20); 
6. a nightbreak reaction must take place (Table 20); 


TABLE 20 


The spectral dependence of the two photoreactions required for obtaining a 
long-day effect. 


1. Main-light-period reaction 2. Nightbreak reaction 


Promotion 


Ve ted b Promotion Promoted by 
anand nullified by 


nullified by 


‘Near infra-red, Red Red Near infra-red, 
Biue (near infra-red,* | Blue 
(Red *) Blue *) | 


* Slightly active. 
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c. a certain number of hours must elapse between the main-light- 
period reaction and the nightbreak reaction (Plate 1—b, see also 
page 219). 

Besides, it was noted that the amount of nightbreak light necessary 
for obtaining a long-day effect depends on: 

1° the number of hours between the main light period and the night 
interruption (e.g. Konrrz 1958) and 

2° the intensity of the main-light-period reaction (Table 16). 


11. Critical daylength 


During experiments with Chenopodium amaranticolor (SDP), it was 
found that flower initiation occurred when the plants were exposed 
to 13 hours of ‘“‘white”’ light per day (Konitz 1958). This light was 
obtained from fluorescent lamps. Its emission spectrum shows that 
about the same amount of energy is emitted in the blue and in the 
red part of the visible spectrum. It may be noted here that the relative 
amount of near infra-red radiation present in this white light is very 
much less than in natural daylight or in “‘white” light obtained from 
incandescent lamps. 

In this daylength, however, flower initiation was prevented when 
the 13-hour light period was interrupted with near infra-red radiation. 
Thus a long-day effect was obtained. Moreover it was shown that 
near infra-red was the most active spectral region when given around 
the fifth hour after the beginning of the light period and that red 
light nullified this effect of near infra-red radiation. 

This experiment shows a typical resemblance with the experiment 
in which Salvia was exposed to 16G (flower initiation occurring i.e. 
no long-day effect) and 6G 1IR 9G (flower initiation prevented, i.e. 
long-day effect, Plate 1—b). It is obvious that in K6ntrz’s experiment 
the inactivity of 13 hours of white light per day in producing a long- 
day effect was caused by the ‘absence’ of near infra-red. 

It is supposed that in fluorescent light both photoreactions were 
not sufficiently intensive because of 
1° the lack of near infra-red and 
2° the antagonizing activity of light of one spectral region on the 

effect of light of another spectral region. 

Therefore no long-day effect could be obtained. After the near 
infra-red had been supplied the main-light-period reaction may have 
been induced, the last hours of the photoperiod acting as a nightbreak 
and in this way a long-day effect was obtained. This assumption is 
also supported by the observations of RoopENBuRG (1954), TaKmimoro 
(1957) and Wassinx et al. (1951) and Table 16 of this paper. TaximoTo 
found that Szlene armeria (LDP) did not initiate flower buds in a 
long-day treatment of 18 hours per day in “white” fluorescent light. 
With the same daylength a long-day effect was obtained when part 
of the irradiation with fluorescent light was replaced by incandescent 
light. As already mentioned, incandescent lamps emit relatively 
much larger amounts of near infra-red than fluorescent lamps. In the 
experiments of Wassink ¢¢ al. with Brassica it was demonstrated that 
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a short-day treatment in white fluorescent light did not cause a 
long-day effect. If, however, part of the white fluorescent light was 
replaced by blue + near infra-red, a long-day effect was obtained. 

The experiments of Wasstnk et al. and Konitz mentioned above 
demonstrate that even a short-day treatment can cause a long-day 
effect, depending on the light quality of the photoperiod. The relative 
value of the “critical daylength” was also shown in the experiments of 
Taximoto (1957) and in our experiments which show that the light 
quality largely determines whether a long-day effect is obtained or not. 

Evidently the long-day effect does not simply depend on the length 
of the photoperiod or that of the dark period, but on the conditions 
mentioned in 10. 


12. ‘Endogenous Diurnal Rhythm’? 


As far as the long-day effect is concerned it is obvious that during 
a certain part of a natural 24-hour cycle the plant will be in a condition 
in which blue and near infra-red are promoting and red light is 
inhibiting the process leading to the long-day effect. In a following 
period the plant is in a condition in which, on the contrary, red 
light has a promotive effect and blue and near infra-red may inhibit 
this promotive effect. Both periods with different spectral sensitivities 
(Table 20) alternate with each other in a 24 hour rhythm. The results 
in Table 19 (Plate 2-1) show that the alternating periods may even 
be interchanged: the “‘main-light-period reaction” is not only induced 
by the main light period but, under certain conditions, also by the 
original nightbreak light period. The original main light period will 
be active in inducing the nightbreak reaction (region between broken 
lines). 8R 1IR will cause the main-light-period reaction and 10’R 
or 60’/IR the nightbreak reaction. It is obvious, however, that the 
original main light period is not effective when the near infra-red 
is omitted (8R), as under this condition 10’R or 60’IR are not active 
in causing a long-day effect. If, however, the 60’IR of nightbreak 
light are preceded by 60’R, it is probable that this combination will 
induce the main-light-period reaction and the original “main light 
period” will induce the nightbreak reaction. This assumption 1s 
supported by the requirement of supplying a certain amount of light 
prior to the near infra-red, which was already shown on page HANS 
In this case 10’R are insufficient, whereas 60’R appear to be sufficient, 
8R-10’R60’IR not causing, 8R—-60’R60’IR causing a long-day effect. 

These alternating periods with a different spectral sensitivity show 
a 24-hour rhythm. The phase of the rhythm appears to be controlled 
by radiation. This is in agreement with the theory of the “Endogenous 
Diurnal Rhythm” developed by Binnine (1958). 


13. Photoreactions and Pigments 

From the two photoreactions mentioned above, the one which is 
involved in the nightbreak reaction is governed by the red-absorbing 
pigment controlling so many phenomena (see (1.1). According to 
BortTHwick ef al. (1954), the effect of an irradiation with red light is 
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antagonized as soon as near infra-red is supplied and this antagonism 
appeared to be reversible. For this reason these authors suggested 
that only one pigment be involved, which would be converted into 
a near infra-red absorbing form (P’) after having absorbed red light. 
The near infra-red absorbing form would be converted into the red 
absorbing form (P) after irradiation with near infra-red. 

From the data presented in this paper it is obvious that the red 
absorbing form (P) of the pigment is not only regenerated by 
irradiation with near infra-red but also with blue light: 


R 
pe E: 
— 


IR, B 


The main-light-period reaction will be governed by a pigment 
absorbing blue and near infra-red. The antagonizing effect of red 
light on the effect of blue and near infra-red might also be caused 
by a pigment conversion, similar to that suggested for the nightbreak 
reaction. 

No decisive answer can be given to the question whether two 
different pigment systems are involved, one in the main-light-period 
reaction, the other in the nightbreak reaction, or two different forms 
of one pigment. In the latter case a long-day effect can only be 
explained by assuming that both forms of the pigment alternately 
replace each other in a 24-hour rhythm. The reported data do not 
indicate, which of either possibility has the best chance of being 
correct, nor do they yield *any indications about the character of 
the pigment(s). 


3.2 ELONGATION 
3.2.1 INTRODUCTION 


In the beginning of the study of the influence of light quality on 
elongation, various plant species, plants previously raised in white 
light, have been used. The plants were exposed to 16 hours per day 
of red, green or blue light with and without a simultaneous addition 
of near infra-red radiation. After the treatment had lasted for some 
time the length of the internodes was measured. The results obtained 
from experiments with several plant species are given in Table 21. 
The intensity of the visible radiation was 475 wW/cm? and of the 
near infra-red 120 wW/cm?. 

It was found that the effect of light of different spectral regions 
varied with the plant species. In the case of gherkin and Salvia 
occidentalis elongation was much less inhibited in blue light than in 
red or green light. Near infra-red stimulated elongation, especially 
when it was added to green (gherkin) or to green or blue light (Salvia). 
Other plant species which reacted in a similar way are Petunia 
Calendula, Perilla, Helianthus and bean. : 

Mirabilis jalapa on the other hand showed a marked elongation in 
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red and in green light, while in blue light the internodes were much 
shorter. Near infra-red was slightly active in promoting the elongation 
only when it was added to blue light. Rivina humilis and Mentha 
longifolia reacted in a similar way. 


TABLE 21 


The influence of an irradiation (16 hours per day) with red (16R), green (16G) 
and blue light (16B), with or without near infra-red (IR), on the elongation of 
light-grown plants. Intensity of visible radiation 475 ~W/cm? and of near infra-red 
120 wW/cm?. Length in mm, N days after the beginning of the treatment (second 


column). 
aint tee | cote ints Det day el ids 
| | 16R | 16RIR|) 16G | 16GIR| 16B | 16BIR 
Chea B days |) 23 36 Gee tis | 97S 81 
(hypocotyl) 
5 days * | | | 


Mirabilis jalapa | 30 days | 182 | 179 | 174] 188 | 128 | 153 
(1st internode) | | | 
14 days * 


(internode) 
20 days * 


| 
| | | 
Salvia occidentalis 30 days | 42 | 60 | 43 82 | 64 | 90 
| 
| 


Tomato li-days | 27 | 29 94 | 54 98 | 42 


(hypocotyl) | | 
14 days * | 


Tomato | 15 days | GE) | es 62 | oy | Bye! 38 
(1st internode) | | 
14 days * | | 


* Age of the plants at the beginning of the treatment. 


The hypocotyls of tomato plants reached about the same length 
in red, green or blue light. The assumption that this hypocotyl was 
already fully developed cannot be valid, an addition of near infra-red 
to green or blue light causing an increase in length. The first inter- 
nodes of the same tomato plants, however, reacted in about the same 
way as in the case of Mirabilis; near infra-red given simultaneously 
did not have any effect. At the beginning of the treatment with coloured 
light this first internode was in a younger stage of development than 
the hypocotyl. For this reason it was possibly less affected by the 
pretreatment with white light than the hypocotyl. ; 

Experiments with gherkin seedlings demonstrated that, after sowing 
in coloured light, the difference in length between plants grown in 
red and plants grown in blue light was much smaller than after 
sowing in white light. The higher the light intensity the smaller the 
difference in length. f 

Bean plants sown in coloured light became somewhat longer in 
red than in blue light; with light-grown bean plants, however, the 
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reversal result was obtained: the internodes were longer in blue than 
in red light. 

So the question arose whether a pretreatment with white light 
‘nfluences the effect of a subsequent exposure to light of different 
spectral regions and whether this effect depends on the intensity of 
the coloured light. 


299 DIFFERENT LIGHT INTENSITIES 


In the following experiments various plant species, either previously 
raised in white light (“‘light-grown plants’’) or immediately sown in 
coloured light (“dark-grown plants’’) were exposed to coloured light 
at different light intensities. When a relatively low light intensity 
was wanted, only the lamps mounted to the top of the light cabinet 
were used. The light intensity of such an irradiation is not quite 
comparable with the intensities obtained by irradiation from three 
sides. 

The temperature during the experiments at higher intensities was 
99° G during the photoperiod and 17°C during the dark period. 
In the experiments with low intensities the temperature was kept 
constant at 22°C. 


Hyoscyamus niger 

The results of experiments with light-grown plants have been given 
in the foregoing section (3.1.4) and showed that in red and in green 
light the plants remained in the rosette form. In blue light elongation 
occurred only in long days (16 hours of light per day), not in short 
days. The elongating effect of blue light is a long-day effect as it 
always was correlated with flower initiation. 

The results of an experiment with dark-grown plants are given in 
Fig. 1. Immediately after sowing, pots with 25 seeds each were placed 
in 16R, 16G, or 16B. The intensity was 500 wW/cm?. After 16 days 
the seedlings were selected for uniformity and 10 plants were left 


Length in mm 


Hyp. il 2) Ses a ee Ome ae: 
Number of the internode 


Fig. 1. The length of the hypocotyl and internodes of Hyoscyamus niger, sown in 

red, green or blue light. Irradiation 16 hrs per day. Light intensity 500 4 W/cm2. 

Day temperature 22° C. Night temperature 17° C. Length in mm, 60 days after 
sowing. 
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in each pot. At this time the hypocotyls were already completely 
developed. The length of the internodes was measured after 60 days. 
As can be seen the hypocotyls reached the same length in red and in 
green light but are much longer than those developed in blue light. 
The next internodes were very short in red and in green light, rosettes 
being formed. In blue light, however, after 2 or 3 short internodes 
elongation occurred. This elongation may have been caused by the 
long-day effect of 16B as all plants showed flower buds at this time. 
When germination had taken place in short days in blue light (10B) 
the internodes remained short and a rosette was formed. 

Similar experiments with dark-grown seedlings were carried out 
at low light intensities, the plants being irradiated only from above. 
Three different light intensities were obtained by using gauze filters: 
25, 120 and 210 wW/cm?. A control was kept in darkness at the same 
temperature, 22° C. As can be seen in table 22 the hypocotyls of 


TABLE 22 
The influence of the light quality at low intensities on the elongation of the 


hypocotyl of Hyoscyamus niger sown in coloured light. Temperature 22° C. Length 
in mm, 38 days after sowing. 


Light treatment Light intensity in «#W/cm? 


in hrs per day 0 95 120 210 
16 ved ew hoes a pean We 28 
iberceu Ges ne. | 40 | 34 32 
(ARC a | 39 | 33 31 
le whites 2. 4. 3 pe ae! 25 22 
dapkcomtroly. (se) 2 = 54 | 


the plants grown in red, green or blue light of low intensity reached 
about the same length. In white light the seedlings were somewhat 
shorter than in coloured light. 


Bean, “‘Vroege Wagenaar”’ 


In preliminary experiments with bean plants it was found that 
light-grown seedlings reacted like gherkin seedlings in that in blue 
light the hypocotyl and the internodes were longer than in red or 
in green light. When the plants were sown in coloured light, however, 
the hypocotyls of plants grown in red or in green light were longer 
than of those grown in blue light. 

In the following experiment the difference between light-grown 
and dark-grown seedlings is clearly shown. Seeds were sown in pots 
and left to germinate in continuous white fluorescent light (3200 
uW/cm?). After 11, 9, 7 and 5 days, pots were transferred to the 
light cabinets. The plants were irradiated daily during 16 hours with 
red, green or blue light (475 #~W/cm?). Each 3 or 4 days the length 
was determined; about 20 days after sowing the treatment was 
discontinued. At that moment the development of the hypocotyls 
and the first two internodes was completed. It was found that the 
hypocotyls and internodes which had first been exposed to white 
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light became longer in blue than in red or green light, as far as they 
had not already finished development when the treatment with 
coloured light started. Those internodes which developed later, and 
for that reason had never been exposed to white light, were longer 
in red and green than in blue light. 

In Fig. 2 the data are given of the development of the second 
internodes of plants sown 9 days (group IT) and 5 days (group IV) 
and grown in white light before being transferred to the light cabinets. 


gE WV 
24internode 2 internode 
Cl no: Red 
~ Bor 0.5 OGren 
--¥v Ge 
on Blue ie Blue 
100 y 100 Boe are 
/ | / 
80 ° 
ea 
€ 
SS 60K 
= 
© 40 


qa 4 
OQ sh OD We a6 (Oh We Wise Sy 2a VES et 
Number of days after the beginning of the treatment 


Fig. 2. The elongation of the second internode of bean plants grown in 16 hrs 

per day red, green or blue light (475 W/cm?) as influenced by a previous 

irradiation with white light. IT: irradiation with coloured light started 9 days 

after sowing; IV: idem 5 days after sowing. The initial lengths of the plants are 
given at 0. Day temperature 22° C, night temperature 17° C. 


The second internode of seedlings of group II started to develop at the 
beginning of the treatment (0 days). In this case longer internodes 
were obtained in blue than in red or green light. Although the seedlings 
of group IV just came above the soil surface, the influence of the 
white light was notable, the hypocotyls being more elongated in blue 
light (128 mm) than in red light (105 mm). The second internode 
had not been affected by the white light so that they became longer 
in red than in blue light. 

At very low light intensities, however, it was found that the elon- 
gation of the hypocotyls of seedlings sown in coloured light was much 
more inhibited in red than in blue light. The seeds were sown in red, 
blue or white (fluorescent) light and irradiated 16 hours per day. 
The light came only from above and by means of gauze filters three 
different light intensities were obtained. The temperature was kept 
constant at 22°C. After 11 days the treatment was discontinued as 
it was found that the hypocotyls did not develop any further. ‘The 
results are given in Table 23. 

The influence of the light intensity on the elongation was demon- 
strated in similar experiments but with higher intensities. The seeds 
were sown in red, blue or white light and irradiated 16 hours per day. 


O 
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By means of gauze filters three light intensities were obtained. ‘The 
day temperature was 22°C, the night temperature 17° C. 15 days 
after sowing, the elongation of the hypocotyls was completed. The 
results are given in Fig. 3. 


TABLE 23 
The influence of the light quality at low intensities on the elongation of the 
hypocotyl of bean seedlings sown in red, blue and white light. ‘Temperature 22° C. 
Length in mm, |1 days after sowing. 


i 


Light treatment Light intensity in “W/cm? 


in hrs per day 0 25 P1200 eee) 
lorcet es oe 143 | 127 126 
iefhieee yt oe ee 7 07 
iGemiete fo eo 161 136 127 
darkeycontrol = . 9.7. = 255 


It is obvious that the inhibiting effect of red and blue light on the 
elongation of the hypocotyl depends on the light intensity. At higher 
intensities (about 750 uW/cm?) blue light is more active in this 
respect than red light. With decreasing light intensity the differences 
in length between plants grown in red or in blue light also decrease 


100 


Length in mm 


90 Fe 


6) 
(@) 1000 2000 


Intensity in pW/cem? 


Fig. 3. The length of the hypocotyl of bean seedlings sown in red, blue and white 
light. Irradiation 16 hrs per day. Day temperature 22° C, night temperature Le Ge 
; Length in mm, 15 days after sowing. 


and at a certain intensity there is no difference at all. From the slope 
of the curves it may be expected that at lower intensities red light 
will be more inhibitive to elongation than blue light. This expectation 
is confirmed by the results obtained with experiments carried out with 
very low light intensities (see Table 23). In a certain intensity range 
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(200-700 wW/cm®?) the effect of white light is stronger than that of red 
or green light and at higher intensities it resembles that of blue 
light. At lower intensities it is between the effects of red and blue light. 


Sinapis alba 

Experiments with this plant species were carried out at high 
intensity and at low intensities (irradiated only from above). ‘The 
plants were sown in pots immediately placed in the light cabinets. 
After 11 days the development of the hypocotyl was finished. The 
data are given in Table 24. 


TABLE 24 


The influence of the light intensity on the inhibiting effect of light on the elong- 
ation of the hypocotyl of Sinapis alba sown in light of different spectral regions; at 
high intensity (Experiment I), day temperature 22° C, night temperature 17° C; 
idem at low intensities (Experiment II), temperature 22° C. Length in mm, 
11 days after sowing. 


Light intensity | _ Light treatment (16 hrs per day) 
W/cm? | red green | blue | white 
Exp, I 580 61 | 78 | 55 — 
Exp. I | 210 | ee 94 s+ 104 | 79 
120 70 98 109 86 
25 89 | 126 | 137 109 
0 | 180 | 


At 580 «W/cm? the hypocotyl of seedlings grown in blue light 
was shorter than that of seedlings in green and slightly shorter than 
that of the plants in red light (Experiment I). At the lower intensities 
it is obvious that even blue light is less active in inhibiting the 
elongation than red light. The activities of green and white light 
are between those of red and blue light. 


Mirabilis jalapa 

The effect of light of different wave-length regions on light-grown 
Mirabilis has already been given in Table 21. Younger internodes, 
which had not yet received white light before the treatment with 
coloured light started, reacted in the same way, the internodes of 
plants grown in blue light being shorter than in red and green light. 

Also when the plants were sown in red or blue light (695 UW /cm?) 
it was found that blue light was more active than red light in inhibiting 
elongation. However, at very low intensities (irradiation only from 
above) it was found that the difference in activity between blue and 
red light was much less pronounced, while at the lowest light intensity 
used (25 wW/cm?) blue light was even less inhibitive than red light. 


The results of two experiments with dark-grown seedlings are given 
impel ablen2o: 


Tomato, ‘‘Victory”’ 


In Table 21 it was shown that the hypocotyl of tomato plants, 
previously grown in white light, reached the same length in red, 
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green or blue light and that the first internode of the same plants 
became longer in red or green light than in blue light. 


TABLE 25 


The influence of red and blue light on the elongation of Mirabilis jalapa sown in 

coloured light. Irradiated 16 hrs per day. Experiment I: at high intensity (695 

uW/cm?). Day temperature 22° C, night temperature 17° C. Length of hypocotyl 

and lst internode in mm, 20 days after sowing. Experiment II: at low intensities, 

irradiated only from above. Temperature 22° C. Length of hypocotyl in mm, 
18 days after sowing. 


Light intensity | Light treatment 16 hrs per day 
in “W/cm? | red | blue | white 
Experiment I 

hypocotyl 695 ! 101 Dal a 
Ist internode 695 133 47 — 

Experiment IT | | 
hypocotyl] | 210 OF, 88 80 
120 107 | 94 97 
25 102 122 104 

0 139 | 


In the following experiment the reactions of light-grown plants 
were compared to those of dark-grown seedlings. The light-grown 
plants were raised in white fluorescent light. After the hypocotyl 
had reached a length of about 30 mm, the seedlings were potted 
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Fig. 4. The increase in length of the hypocotyls of tomato seedlings in red, green 

or blue light (475 w#W/cm?”). Irradiation 16 hrs per day. Experiment I: seedlings 

germinated in white light and transferred to the light cabinets 13 days after sowing. 

Initial length of the hypocotyl about 30 mm. Experiment IT: seedlings sown in 
the light cabinets. Day temperature 29° GC, night temperature 17° C. 
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with the cotyledons on the soil surface. The next day, the plants 
were transferred to the light cabinets (Experiment I) .The dark-grown 
seedlings were sown immediately in the light cabinets (Experiment IT). 
The plants were irradiated with red, green or blue light, 16 hours 
per day. The light intensity was 475 wW/cm?. The day temperature 
was 22° C, the night temperature 17° C. The length of the hypocotyls 
was measured each 3 or 4 days. The increase in length of the hypocotyls 
of the light-grown plants, 30 mm being under the soil surface, and 
of the seedlings sown in coloured light is given in Fig. 4. The hypocotyls 
of plants germinated in white light reached the same length whether 
grown in red, green or blue light. The elongation of the hypocotyls 
of the seedlings sown in coloured light was much more inhibited in 
blue than in red or green light. 

When different light intensities were compared it was found that 
only at very low light intensities (irradiation only from above) the 
difference in activity between blue and red light decreased with 
decreasing light intensity. In these experiments the plants were sown 
in red, blue or white light and irradiated 16 hours per day. The 
temperature was kept at 22° C. The results of one of these experiments 
are given in Fig. 5. At the lowest intensity, blue light was even less 
effective than red light in inhibiting the elongation of the hypocotyl. 


+ Dark control 
150 


“ 
Sa 0 - — - — --- Red 


ee 


Length inmm 


eae ness 
--. 


50 


O25 120 210 

Intensity in W/cm? 

Fig. 5. The elongation of the hypocotyl of tomato seedlings sown in 16 hrs per 

day red, blue or white light of low intensities (irradiation only from above) 
Temperature 22°C. Length in mm, 16 days after sowing. 


At the highest intensity the effect of white light resembled that of 
blue light, at the lowest intensity it was similar to that of red light. 
Evidently there is an intensity range in which white light is more 
active in inhibiting the elongation than red or blue light. 


Gherkin, ‘‘Venlose niet-plekkers’’ 


Gherkin seedlings, germinated in white light, later on developed 
longer hypocotyls and longer internodes in blue light than in red or 
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green light (‘Table 21). When these seedlings were transferred to a 
dark room the hypocotyls developed until the same length was reached 
as occurred in red or green light. 

Fig. 6 gives the results obtained from an experiment (I) with light- 
grown seedlings exposed to light of different qualities and low 
intensities. The lengths were measured 12 days after the beginning 
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of the irradiation with 16 hours per day of red, blue or white light. 
The low light intensities were obtained by irradiating the plants only 
from above. The temperature was maintained at 22° C. It can be 
seen that with increasing light intensity the length of the hypocotyl 
of light-grown seedlings in blue light increases much more than in 
white or red light, in which elongation was about the same as in 
darkness. The initial length of the hypocotyls was 10 mm. 

If gherkin seedlings were sown, however, in the different light 
cabinets under the same conditions as in the foregoing experiment 
the elongation of the hypocotyl decreased with increasing light 
intensity. Blue light was the least active type of light in inhibiting 
the elongation, red and white light showed to be active to the same 
extent when the light intensity was low (Fig. 6, Experiment Thi. 
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In experiments with seedlings sown in darknesss and in red, blue 
or white light of higher intensities than used in the foregoing experi- 
ment, it was found that the difference between the activity of red 
and blue light in inhibiting the elongation decreases with increasing 
light intensity (Fig. 7). At a certain light intensity both red and blue 
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light will inhibit the elongation to the same extent. From the slope 
of the curves it may even be expected that with intensities higher 
than were used, blue light will be more active than red light. Besides 
it is obvious that in a certain intensity range white light is more 
active than red or blue light of the same intensity. 

Thus the experiments described above clearly demonstrate that 
the difference between the inhibiting effects caused by light of different 
spectral regions does not depend on the plant species but on the 
light intensity used. The difference between the plant species is that 
they are not equally sensitive to light of a certain intensity. 


3.2.3. LIGHT-GROWN PLANTS IN CONTINUOUS DARKNESS 


Plants completely grown in darkness show an excessive elongation 
which can be inhibited by very small amounts of light. When seedlings 
germinated in white light were transferred to darkness, however, it 
was often noted that hardly any additional elongation occurred. In 
the case of gherkin seedlings this difference between dark-grown and 
light-grown seedlings is clearly shown in Fig. 6 (+). The same 
difference was obtained with tomato plants. 

Using light-grown gherkin seedlings it appeared that in blue light 
the elongation was stimulated (Fig. 6, I). The elongation of seedlings 
not exposed to white light before was inhibited by blue light. The 
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light-grown seedlings died some time after being exposed to darkness 
or to 25 uW/cm? of blue light while seedlings sown in darkness or in 
blue light (25 wW/cm2) still continued growth. To study this effect 
the following experiment was carried out. 

The light-grown gherkin seedlings were transferred to continuous 
darkness. The temperature was maintained at 22° C. Of one group 
of seedlings, one cotyledon was continuously soaked in a_ vessel 
containing water or a 5% sucrose solution. The results of three 
experiments are given in Table 26. The length was measured 8 days 
after the beginning of the treatment. From these data it is obvious 
that the slight elongation in darkness—the initial length was 10 mm— 


TABLE 26 
The elongation of the hypocotyl of light-grown gherkin seedlings in continuous 
darkness without or with one cotyledon continuously soaked in water or a 5 % 
sucrose solution. Temperature 22° C. Length in mm, 8 days after the beginning 
of the dark treatment. 


eae Experiment | : 
I | II | III 
ContOte eet oe | 32 | 35 | 20 
Walter fueey eer. evkat eps co: 29 | —- 20 
BiOe SyCKGse as. Sw 107 103 | 110 


was not caused by any after-effect of the previous irradiation with 
white light, but probably to a lack of photosynthates as a supply of 
sucrose caused a marked elongation. Similar results were obtained 
with light-grown tomato plants exposed to continuous darkness with 
or without a sucrose supply. 

Light-grown gherkin seedlings transferred to darkness or to red 
light elongate to about the same extent. As photosynthesis takes place 
in red light, it is obvious that the slight elongation in red light is not 
caused by a lack of photosynthates but may be due to an inhibiting 
effect of red light on the elongation. In blue light the hypocotyls 
elongate to a much larger extent, photosynthates are also formed, 
the higher the intensity the more photosynthesis. Besides, blue light 
in this intensity range is much less effective in inhibiting the elongation 
than red light. All this accounts for the fact that elongation in blue 
light increased with increasing light intensity (Fig. 6, I). The results 
of the following experiment support this assumption. 

Light-grown gherkin seedlings were exposed to continuous darkness 
or irradiated with red or blue light, 16 hours per day. One part of 
each group was treated with sucrose by immersing one cotyledon in 
a vessel containing a 5 % solution of this carbohydrate. The light 
intensity was 640 wW/cm2. The temperature was maintained at 22° C. 
The length of the hypocotyls was measured 7 days after the beginning 
of the treatment. From the data, presented in Table 27 it can be seen 
that a sugar supply to plants grown in red or in blue light did hardly 
influence the elongation. 
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TABLE 27 


The elongation of the hypocotyl of light-grown gherkin seedlings in darkness, 

red or blue light (640 ~#W/cm?) without or with one cotyledon continuously soaked 

vid), BB) sucrose solution. Irradiation 16 hrs per day. Temperature 22° C. Length 
in mm, 8 days after the beginning of the treatment. 


Spectral region Control 5 %, sucrose 
Rediveo: LA cmcontatc 3) | 46 
Blues). ae ek eo ee 8 93 
Darkecontrolea 2s. uel 25) 101 


3.9.4 ANTAGONISM BETWEEN LIGHT OF DIFFERENT SPECTRAL REGIONS 
In a previous paper (MEIJER 1958a) it has already been reported 


that blue light has not only an inhibiting effect but can also promote 
the elongation of already inhibited internodes. ‘This was concluded 
from experiments in which light-grown gherkin seedlings were 
exposed to 8 hours of red light per day (600 pW /cm*). Some of the 
plants were kept in darkness during the remaining 16 hours (8R), 
other groups were exposed to 8 hours of supplemental blue light of 
three different intensities and afterwards kept in darkness for the 
remaining 8 hours (8R 8B). The results are listed in Table 28. Plants 


TABLE 28 
The influence of 8 hrs blue light (I) and of 10 minutes near infra-red radiation (IT) 
supplementarily given after 8 hrs red hight (600 wW/cm?), on the elongation of 
the hypocotyl of light-grown gherkin seedlings. Length in mm, 7 (I) and 8 (II) 
days after the beginning of the treatment. 


I | II 
Light treatment Blue hight | Length | Near infra-red | Length 
W/cm? | inmm | pW /cm? | in mm 
| | | 
8R 0 | Be 0 59 
8R8B | 60 52 | | 
8R8B 300 | 75 | 
8R8B 600 ri) 
8R101R | | 200 104 


exposed to 16 hours of red light are even somewhat shorter than 
those exposed to 8 hours of red light. The elongating effect of blue 
light cannot be due to a larger production of photosynthates than in 
the case of plants which did not receive supplemental light, a sugar 
supply being virtually ineffective in the latter case (Table 27). 
With near infra-red radiation the same effect was obtained as with 
blue light. Light-grown gherkin seedlings were exposed to 8 hours 
of red light per day (670 ~W/cm?). Some of the plants were irradiated 
immediately afterwards with 10 minutes of near infra-red (obtained 
from a neon lamp). The intensity of this radiation was 200 «W/cm®*. 
The temperature during the day and the first 8 hours of the dark 
period was 22° C, during the second 8 hours 17° C. After 8 days. the 
treatment was discontinued and the length measured in mm 


(Table 28). 
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From these results it is obvious that both near infra-red and blue 
radiation are active in antagonizing the inhibiting effect of red light. 


3.2.5 Discussion 
1. Plant species 


In a previous paper (MeyER 19576) it was suggested that the 
spectral region which is most active in inhibiting the elongation of 
internodes, may vary with the plant species. In Table 21 (D.. 225) 
the results were given of experiments with several plant species 
exposed to light of different spectral regions. In all these experiments 
the plants had grown before in white light and the other conditions 
were the same. These results show that, as far as the activity of red 
and blue light on the elongation is concerned, there are two extreme 
types of plants: 
1° the “Mirabilis type’’: inhibition by blue light more pronounced 

than by red light; 
2° the “Gherkin type’: red light more inhibitive than blue light. 

This distinction between the two types can only be indicative 
because the differences between the inhibiting effects of red and blue 
light are quantitatively not always the same; there also exist plants 
which stand between these two types. VincE (1956) also concluded 
from her experiments with Pisum and tomato that the difference in 
response may be due to the plant species. 


2. Light intensttres 


The experiments carried out with different light intensities demon- 
strate, however, that it depends on the light intensity and not on the 
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Fig. 8. The elongation of an internode in red, blue or white light as a function 
of the light intensity. The intensity scale of the “‘Mirabilis type’ AI’) is different 
from that of the “Gherkin type” (I): ] > I’. I, and I’, are the “critical intensities”. 
L, M and H are the relatively low, the medium and the high intensity zones. 
(A schematical representation of the results of the experiments described in 3.2.2). 
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plant species whether blue light or red light is most effective in 
inhibiting the elongation of internodes. It was found with plants of 
the two types that at relatively high light intensities blue light is more 
active than red light, whereas at relatively low light intensities the 
situation is reversed. 

Evidently there must exist a certain “critical intensity’? at which 
the elongation of the internodes of plants exposed to red and of those 
exposed to blue light will be inhibited to the same extent, i.e. at 
which the internodes will reach the same length. This is clearly 
demonstrated in Figs. 3 ,5 and 7 and also in Table 22. Now the 
value of this “critical intensity’? depends on the plant species: with 
plants of the ‘Mirabilis type” e.g. tomato, Mirabilis and Hyoscyamus 
it is reached at low light intensities, but in the case of plants of the 
“Gherkin type’, e.g. gherkin, bean and Petunia, it is found at much 
higher light intensities. 

The elongation of an internode as a function of the light intensity 
is schematically given in Fig. 8 for red, blue and white light. In this 
figure Ic and I’c represent the “critical intensity”. The intensity 
scale for the Mirabilis type, I’, is more extended than that for the 
““Gherkin type’, I. 


3. Two photoreactions 
a. Difference in activity 


Possibly at low intensities (Fig. 8, zone L) only one photoreaction 
is involved in inhibiting the elongation of internodes, which is more 
sensitive to red than to blue,light. This photoreaction will be saturated 
with red light at a lower intensity than with blue light. 

It was found, however, that the blue light curve does not only 
appraoch the red light curve but even crosses it (Ic). When the blue 
light reaction approaches saturation (zone H), blue light is even 
more effective than red light. This can only be explained by assuming 
that two different photoreactions are involved in the process inhibitive 
to the elongation, one photoreaction being sensitive to red light, the 
other to blue light. The blue light reaction increases less with increasing 
intensity and is saturated at a higher intensity than the red light 
reaction, but the inhibition caused by the blue light reaction at 
saturation intensity is stronger than that caused by the red light 
reaction. 


b. Interaction 


It has been reported that a combination of red and blue light is 
more inhibitive than an addition of the effects of each type of light 
(Meyer 1958a). Gherkin seedlings were left to germinate in darkness. 
When a certain length was reached two groups of plants were exposed 
to blue (B) and two groups to red light (R). The light intensity was 
310 u«W/cm?. After two days one group of plants irradiated with blue 
light was transferred to red light (B — R) and one group previously 
exposed to red light was transferred to blue light (R — B). The increase 
in length of plants exposed to blue light only was about 80 mm and 
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of those exposed to red light only 60 mm. The plants which received 
two days of blue light before the exposure to red light (B ~R), 
however, were much more inhibited than the other groups, the 
increase in length being only 30 mm. On the other hand, blue light 
after red light (R — B) had almost the same effect as red light alone. 
These results too give an indication that blue and red light are 
involved in two different photoreactions, the red sensitive reaction 
being much more pronounced after blue or white light than without 
such a pretreatment. 

This interaction between red and blue light may also be the cause 
of light-grown gherkin seedlings being much more inhibited in red 
light than seedlings sown in red light of the same intensity. In blue 
light, dark-grown and light-grown gherkin seedlings reached about 
the same height. 


4. White light 

It was calculated from its emission spectrum that white fluorescent 
light contains about 25 % blue radiation (A = 4000-5000 A) and 
75 % green and red radiation (A = 5000-7000 A). Although the 
results with green light are not discussed in this paper it may be 
mentioned here that this light quality is active in a similar way as, 
but to a lesser extent than red light. 

In case both the blue light reaction and the red light reaction 
become stronger with increasing light intensity, it is obvious that the 
activity of white light will be intermediary between the activity of 
red and of blue light (Fig. 8, zone L). 

When the red light reaction is more or less saturated, the blue 
light reaction still becomes stronger with increasing light intensity. 
For that reason, at moderate intensities white light is even more 
active than red or blue light in inhibiting the elongation (zone M). 

At still higher intensities (zone H) the blue photoreaction, too, 
approaches saturation and with it the reaction to white light. 


5. Antagonism 

Experiments with light-grown gherkin seedlings showed that, in 
addition to this inhibiting effect blue light also has an antagonizing 
effect on the inhibition by red light (Table 28). The inhibition 
caused by a previous red irradiation will be antagonized only to a 
certain extent. This elongating effect of blue light was not found with 
some other plants species; possibly the light intensities were sufficiently 
high for the inhibiting activity to dominate the antagonizing activity. 
So the ultimate result will depend on an equilibrium between both 
activities. 

A similar dual réle as mentioned for blue light, has been reported 
for near infra-red radiation (De Lint 1957). Near infra-red was found 
to inhibit the elongation of dark-grown seedlings (WirHRow 1941; 
De Lint 1957). On the other hand the inhibition of the elongation 
by light can be reversed partly by subsequently exposing the plants 
to near infra-red immediately after the irradiation which caused the 
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inhibition (HEeNpricks et al. 1956; Downs et gl V95 72 De Lant1 957). 
The extent to which near infra-red reverses the inhibition caused by 
a previous irradiation depends on its own inhibiting action. | 

This antagonizing effect of near infra-red is also shown in the 
present paper (Table 21). In these experiments exposure to near 
infra-red was simultaneous with exposure to the visible, inhibitive, 
radiation. Exposure together with red light had hardly any or no 
effect. This may be explained by the reversibly antagonizing effects 
of both spectral regions (BORTHWICK ¢é/ al. 19525). Simultaneously 
given with green light, near infra-red caused elongation (i.e. reversed 
the inhibiting effect of the visible radiation) only at those intensities 
in which blue light was less effective than red light (zone L), e.g. 
gherkin, Salvia and tomato (hypocotyl). When red light was less 
effective than blue light (zone H) no influence was found e.g. Mirabilis 
and tomato (first internode). The same is valid for near infra-red 
given simultaneously with blue light (Table 21). 


6. Photosynthesis 


The method used in our experiments of growing plants in coloured 
light has the advantage that the plants can be exposed to a large 
amount of light. The disadvantage is the difference between the 
photosynthetic rates of plants grown in red light and of those grown 
in blue light. It was found that the dry weight of plants grown in 
red light is higher than that of plants grown in blue light. This was 
valid for all the light intensities investigated (zones L, M and H). 
Therefore a difference in photosynthesis cannot be of primary 
importance. It was reported (Table 27) that sucrose supplied to 
plants grown in red and blue light did not markedly change the 
difference in activity between these two light qualities. Similar results 
have been reported by VincE (1956). 

Batatin (1871) and Trumpr (1924) have concluded that the 
excessive elongation in darkness is not caused by the absence of photo- 
synthesis because it was possible to obtain plants without chlorophyll 
by a brief exposure to light of a high intensity. These plants had a 
shape similar to that of normal light-grown plants. It was also shown 
that albino and potentially green barley seedlings have the same 
action spectrum for elongation (BorTHwick et al. 1951). Another 
indication that the inhibition of elongation is not correlated with 
photosyntheses or even with the chlorophyll content was given by 
WitHrow (1941) and Kern ef al. (1957). 


7. Light-grown plants 


Wassink et al. (1956) concluded that light-grown plants and dark- 
erown seedlings react in a different way. In the case of the former 
red light would be the most active type of light but with the latter 
blue light would be most active in inhibiting the elongation. In this 
paper, however, it has been shown that, depending on the intensity, 
blue light can be the most active light in inhibiting the elongation of 


THE SPECTRAL DEPENDENCE OF FLOWERING AND ELONGATION 241 


dark-grown seedlings. With light-grown plants it was shown that 
blue light is sometimes less effective than red light. 

It is possible that the ‘‘critical intensity” of light-grown plants has 
a higher value than that of dark-grown plants. It was found that at 
the same light intensity blue light was more active than red light 
when dark-grown seedlings were used. If, on the other hand, light- 
grown seedlings were exposed to blue and red light of the same 
intensity, it was shown that red light was the most effective in inhibiting 
the elongation (Fig. 2). Apparently this difference between light- 
grown plants and dark-grown seedlings is only a quantitative difference 
instead of a qualitative one. 

Another difference was found in the reaction to continuous darkness. 
It was noted that light-grown plants (gherkin, tomato) hardly elongate 
while exposed to darkness. When, however, sucrose was supplied, a 
remarkable elongation was obtained. Similar results have been 
acquired with pea stem sections of light-grown seedlings, kept in 
darkness (Gaston et al. 1951). 


8. Auxin 


It has been assumed that both the blue light reaction and the 
red light reaction are involved into different processes, leading to the 
same ultimate result e.g. a decrease of the auxin content (MEIER 
19584). Although this assumption is quite tentative several indications 
where obtained that the auxin metabolism is influenced by light. 

a. First of all Gaxsron e¢ al. (1949) demonstrated that indole- 
acetic acid, which is a natural auxin, can be photo-oxidized by blue 
light in the presence of riboflavine. The inhibiting effect of blue light 
on elongation may be caused by this IAA-inactivation. 

6. It is possible that near infra-red and blue light, too, increase 
the auxin content (MeyeR 1958b). When young tomato plants, 
raised in white light, were exposed to green + near infra-red, a 
strong epinastic curvature of the leaves occurred within about four 
hours and disappeared after about 48 hours. Almost immediately the 
internodes started elongation. The epinastic curvature was exactly 
the same as was obtained in white light with plants sprayed with an 
IAA-solution. In blue light this epinasty was also found although to 
a lesser extent, however, no elongation of the internodes occurred. 
In red or green light this phenomenon was not noted at all. When 
the plants in green + near infra-red were pretreated with an anti- 
auxin like coumarin or penta-chlorophenoxy-acetic acid, the epinasty 
as well as the subsequent elongation was prevented. 

c. In the same paper it was reported that the elongation of 
gherkin seedlings in red or green light and even the much stronger 
elongation in green + near infra-red or in blue light, was stimulated 
after an application of auxins. It was remarkable that indole-acetic 
acid was less effective than the other indole compounds used, such as 
tryptophol or tryptamine. 

This auxin-induced elongation of light-grown gherkin seedlings but 
also the elongation caused by blue light was prevented when an anti- 
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auxin was supplied. It might be mentioned here that the development 
of the plants was normal as no injurious effect was obtained. 

d. The following phenomenon also gives an indication that near 
infra-red or blue light may increase the auxin content (MEIJER 19586). 
When light-grown gherkin seedlings were transferred to continuous 
darkness after a previous exposure to 16 hours of blue light or near 
infra-red, almost all plants drooped down on the fifth day in darkness. 
Just before this occurred, it was found that in a region about 10 mm 
below the insertion of the cotyledons small droplets appeared on the 
epidermis, which was followed by a loss of turgor in this zone causing 
the seedlings to droop. The other parts of the seedlings were still 
completely turgescent, but wilted quite soon afterwards. This phe- 
nomenon was not observed, however, if the plants were pre-illuminated 
with red light instead of blue or near infra-red radiation. When the 
seedlings previously exposed to red light were also treated with an 
auxin, exactly the same drooping effect was obtained as with plants 
previously exposed to blue or near infra-red. 

It is obvious therefore that certain phenomena induced by blue or 
near infra-red can also be obtained with an auxin treatment. 

Evidently the auxin content is influenced by light. Blue light causes 
a photo-oxidation of the indole-acetic acid in the presence of ribo- 
flavine. Red light may also decrease the auxin content, but this 
process will be different from the blue-light reaction. It may be that 
either IAA is inactivated in a different way or that the production 
of LAA is inhibited. This process can be reversed by blue and near 
infra-red, as far as (in the case of blue light) the photo-oxidizing 
activity does not dominate. BLAAUW—JANSEN (1959) has shown that 
the auxin content decreases after an irradiation with red light. 

It is to be expected, that the inhibition of the elongation is much 
more complicated than can be concluded from the results of our 
experiments. H1ttMan e¢ al. (1957) reported that red light decreases 
the activity of indole-acetic-acid oxidase which will result in a higher 
auxin content. This process is reversed by an exposure to near infra-red 
and this reversal will cause a decrease of the auxin content. ‘These 
results do not agree with our experiments in which indications were 
found that near infra-red may cause an increase of the auxin content. 
Gotpacre et al. (1953) found that the indole-acetic-acid oxidase 
activity of extracts of pea epicotyls was much higher when the plants 
were grown under continuous red light than in darkness. 

The response of the plant to auxin may also be influenced by light, 
the sensitivity to auxin was reported either to be increased (KENT 
et al. 1951, LtverMAN et al. 1953) or to be reduced (GatsTon et al. 
1953, Ket et al. 1956) by red light. Recently BLaauw—JANSEN (1959), 
in her experiments on phototropism, found a “red light factor” which 
enhances the effect of blue light and of IAA at low concentrations 
on the Avena coleoptile. It was found that gibberellic acid had a 
similar effect as red light in this respect. 
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9. Conclusion 


_ Several authors reported results of experiments concerning the 
influence of the amount of light on the elongation. ABErG (1943) 
suggested the light intensity to determine which spectral region would 
be most active in inhibiting the elongation. Our experiments confirm 
this suggestion. 

In those investigations in which it was found that red light was more 
effective in inhibiting the elongation than blue light, the “critical 
intensity’ might not have been reached yet. In the other investigations 
in which blue light appeared to be more effective than red light, the 
intensities used might have been always higher than the “critical 
intensity’. Obviously the conclusion that the difference in response 
to red and blue light does not depend on the light intensity but on the 
plant species (Vince 1956; — et al. 1957; Meyer 1957); VAN DER 
VeEEN 1958) might be explained by assuming that in the experiments 
of Vince the differences between the intensities were too small. For 
Pisum the intensities of red and blue light may have been both in 
zone L, for tomato in zone H. 


4. SUMMARY 


4.1 Photoperiodism 
The influence of light of different spectral regions on the long-day effect was 
studied on several plant species, with special reference to Salvia occidentalis (SDP). 
I. A long-day effect was obtained by means of: 
1° along-day treatment in coloured light; near infra-red and blue light appeared 
to be the most active spectral regions; 
2° a nightbreak treatment in coloured light; the requirement was found that 
the main light period had to contain blue of near infra-red; red light showed 
to be the most active nightbreak light; 
3° a supplemental light treatment in coloured light; the same spectral depen- 
dence for the main light period was found as in 2°, blue light was more 
active as supplemental light than red light. 
II. It was demonstrated that: 
1° the effect of near infra-red and blue light (main-light-period reaction) 
could be counteracted by red light; 
2° the effect of red light (nightbreak reaction) could be reversed by near 
infra-red or blue light; 
3° the inactivity of red supplemental light (low intensity) was only seeming, 
it was caused by the antagonizing effect of red light on the main-light- 
period reaction induced by blue light (Qi bse 
III. It was concluded that it depends on the interaction of two photoreactions 
and not on the daylength whether a long-day effect is obtained or not; 


under certain conditions these reactions will even take place within short 
photoperiods (short days). 


4.2 Elongation 
The influence of light of different spectral regions on the elongation of various 


plant species was studied. ‘ j ; 

1° It depends’ on the light intensity whether red light is more active than blue 
light or, conversely blue light is more active than red light, in inhibiting the 
elongation of internodes. ; ; 

2° At relatively low intensities red light 1s the most active type of light; at 
relatively high intensities blue light is more active than red light. This implies 
that at a certain intensity (“critical intensity’) red and blue light are equally 


effective. 
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3° The value of the critical intensity depends on the plant species used. For 
plants belonging to the “Mirabilis type” the value of the “‘critical intensity” 
is lower than in the case of plants belonging to the “Gherkin type’. 

4° In addition to an inhibiting activity, blue light also has an antagonizing effect 
on the inhibition caused by red light (“dual réle’’). 

5° The results are briefly discussed in connection with a possible influence on the 
auxin content. 

6° Just as in photoperiodism (II, 2°) the effect of red light can be reversed by near 
infra-red or blue radiation. 
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Plate ]and 2. Photoperiodic response of Salvia occidentalis to light of different 


spectral regions. 


The numbers of the corresponding Tables are given in brackets. 
wees =FE0 light; mmm = green light; mes =blue light; —_—_—— =near infra-red 
(broken lines : low intensity light.) 
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THE BATRACHOSPERMETO-CHAETOPHORETUM, 
A REMARKABLE ALGAL ASSOCIATION 
IN THE NETHERLANDS 


Cc. DEN HARTOG 
(Goes) 


(received March 12th, 1959) 


In 1949 WestnHorF called attention for the first time to the re- 
markable submerged algal growth of Batrachospermum moniliforme and 
Chaetophora incrassata on stalks of reed and Typha, observed in a fragment 


of the Scirpeto—Phragmitetum in Botshol, a small lake near the village of 
Abcoude. 


“De stengels van Phragmites en Typha onder water zijn een 
dankbare standplaats voor plantaardig “‘lasion”’ of wel aangroeisel 
in de vorm van interessante en vaak zeer fraaie blauw-, rood- en 
groenwieren, waarvan sommige wellicht min of meer kenmerkend 
voor associatie of verbond zullen bliken te zijn: ik noem Batracho- 
spermum sp., een der weinige inlandse roodwieren, die niet in 
uitgesproken brak of zout water leven, het puimsteenachtige, met 
kalk geincrusteerde groenwier Chaetophora incrassata fo. crystal- 
lophora, de blauwwieren Rivularia dura, Phormidium laminosum, 
Schizothrix coriacea, etc.” +) 


I have studied this algal vegetation also in various ponds and pools, 
and I found it representing a rather constant association with probably 
a wide distribution: the Batrachospermeto—Chaetophoretum. It appeared, 
however, that this association is by no means a characteristic epiphytic 
community, for it also occurs on stones and live snails. 

The nomenclature used for the algae follows PAscHER, Siisswasser- 
flora. Diatoms and desmids have not been studied. 


FLORISTIC COMPOSITION 


The Batrachospermeto—Chaetophoretum is highly characterized by the 
combination of Batrachospermum moniliforme and Chaetophora incrassata. 
The first species, however, is characteristic for the association only in 
the stagnant waters of ponds and lakes; in streams it occurs in a quite 
other vegetation and is then often allied with the moss Platyhypnidium 
rusciforme (Neck.) Fleisch. (Oxyrrhynchietum rusciforms, Gams, 1927; vide 
von HtssscHMANN, 1953). IsRAELsson (1942) considers it as a rather 


1) “The submerged stalks of Phragmites and Typha form a very suitable habitat 
for vegetable lasion in the form of interesting and often beautiful Cyanophyceae, 
Rhodophyceae and Chlorophyceae, some of which may be perhaps more or less 
characteristic for association (Scirpeto—Phragmitetum) or alliance (Phragmition): I 
mention Batrachospermum sp., one of the few native red algae, which do not live in 
brackish or salt water, the pumiceous, lime-incrusted green alga Chaetophora incrassata 
fo. crystallophora, the bluegreen algae Rivularia dura, Phormidium laminosum, Schizothrix 
coriacea etc.’ (Transl. author). 


PET 
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TABLE I 


BATRACHOSPERMETO—CHAETOPHORETUM 


Number: 1 2 3 a 5) 6 7 8 & 


Batrachospermum moniliforme . 1 
Chaetophora incrassata ... . 1 
Chaetonema irregulare ... . | | 


Covering in %: 10 0) Sail) (a6) 6 
3 


(OreGroxovaribnia §o), 6 6 5 0 6 oo | | 

Spirogyra sp. . 

Mougeotia sp. ESR) YR 

Wohyjsroveelemeie 5 6 5 5 5 & ate l == 
_ 


Cladophora glomerata. ... . + 1 2 =E 
| 
T 
| 


Ophridium versatile. ..... _ +/1 
Draparnaldia plumosa . ree as : 
Rivularia biasolettiana ... . se ale = le zs: 
Euspongilla lacustris 
Enteromorpha prolifera... . i 
@oleochaete scutata 2 1.) ee cs 
Ophiocytium parvulum . .. . =e 
INGSIGE Goliecacunn . 5 <5 > « alte oe! atx 
Schizochlamys gelatinosa 
Bulbochaete sp.. 
Ophiocytium maius . eter 
Stweoclonium tenue. : . . . - — a= a 
| 
T 


N 
| 


++ 
| 


| 
| 


++ ++ 


Phormidium tenue Se ee a 
Cordylophora caspia .... . a 
Hydra vulgaris attenuata .. . 
Phormidium tinctorium ... . 
Dichothris baucriana eee ee == 
Chlorococcum wimmeri . 
Microcystis aeruginosa 


+4 


+4 


LEGENDA: 


1. Prov. of Utrecht; Botshol near Abcoude, ca. 15 km south of Amsterdam. Brugge- 
sloot, on reedstalks along the bank, opposite to the farm of Mr. M. Verwey. 
oP haar san week ele ae Chaetophora incrassata and many specimens 
ol Draparnaldia plumosa. Surface: 1 m*®; depth 40 cm; Cl’- : 
27-V56; CH 56016 A. . Grostteot Saas 

2. Botshol, in a small pool between the Bruggesloot and the Kleine Wye, and 
connected with these waters. Beautiful Batrachospermum-growth on the submerged 
parts of Phragmites- and Typha-stalks, but only on the mown stalks, not found 
on the juvenil shoots. Very sheltered station. Surface: 10 m2: depth 30-50 cm; 
Cl’-content in March 1956: 450 mg/1; 24-III-’57; CH 57004. ‘ 

3. Botshol, in the south-western part of the Grote Wije on mown Typha-stalks 
and on Potamogeton pectinatus; bottom covered by Chara hispida. Epiphytic vege- 
tation of Chaetophora and Batrachospermum. Surface: 5 m2: depth 80-100 cm; 
Cl’-content in March 1956: 479 mg/l; 24-11T="57> CH 57005. ; 

4. Botshol, very sheltered small pool connected with the Vliet, ca. 100 m north of 
the large willow tree, with a community of Nymphaea alba, Utricularia vulgaris 
and Phragmites. On reedstalks a luxuriously developed Batrachospermum—Chaeto- 
ie nad ayeck yaa. clods of diatoms are covering 40-50 %. Surface: 

m?*; dep —80 cm; Cl’-content very varia i : in 

‘ June 1956: 1123 mg/l; 16-VI-’57; CH 37009. ey 

- Prov. of North Holland; Naardermeer, between the towns Wee 
ca. 20 km east of Amsterdam; Side-ditch of the Hoofdtocht, ae Brie Meckane 
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tocht. Very fine Chaetophora—Batrachospermum-vegetation on reedstalks. Surface: 
2 m*; depth 50 cm; 30-V-’54; CH 54044. A 

6. Naardermeer; in a ditch nearly closed by vegetation, parallel with the Hoofd- 

tocht, between Spookgat and Grote Meer. Extremely sheltered station with 

beautifully developed Aydrochareto—Stratiotetum. On reedstalks a dense Batracho- 

spermum—Chaetophora-vegetation. Surface: 2 m?; depth 45 cm; 2-VI-’57; CH 57007. 

Prov. of Utrecht; Oud Loosdrecht, ca. 8 km west of Hilversum, along the bank 

of the Loenerveense Plas. Well-developed vegetation of Chaetophora incrassata, 

Batrachospermum moniliforme and Cladophora glomerata, on stones, heavily shaded by 

Scirpus lacustris and Salix sp. Surface: 1 m?; depth 20-30 cm; 10-VII-755; CH 

ID085. 

8. Prov. of North Holland; Petten, pool in the dune valley Rietput with dense 
vegetation of Characeae, Potamogeton natans and P. gramineus. On stalks of 
reed and Carex lasiocarpa a luxurious Chaetophora incrassata-lasion. Surface: 3 m2; 
depth 20-40 cm; 22-V-’54; CH 54029. 

9. Prov. of South Holland; Island of Voorne, Quackjeswater. Fine Chaetophora— 
Batrachospermum-vegetation in a shaded station along the bank, on submerged 
branches, Phragmites- and Typha-stalks. Surface: 1 m?; depth 40-50 cm; 23-V-’54; 
CH 54030. 


~I 


indifferent species, occuring in different kinds of water, not related to 
the amount of electrolytes. In the Netherlands, however, it shows a 
distinct preference for eutrophic and mesotrophic ponds; it is absent 
from waters poor in electrolytes. 

Chaetophora incrassata has its optimum in this association but cannot 
be considered as an exclusive species, because it may be found also in 
the Cladophoretum glomeratae lacustre. In running water, however, it is 
very rare. The only specimens, collected in slowly flowing water, 
present in the Rijksherbarium, have been found by SprEE near 
Lochem (12-IV-1860). LurHer (1953) who mapped the distribution 
of the species in Scandinavia, discovered a remarkable preference for 
areas rich in lime. Chaetophora occurs also occasionally in oligohalinous 
water’), so the dependence from lime is not certain. It is clear, however, 
that the species needs a high concentration of electrolytes. ‘The maximal 
salinity tolerated in nature was 2.1 °%/o, Cl’, according to WaERN 
(1952). These findings of Scandinavian investigators, hold also for the 
Dutch waters, where I found the association to be common in eutrophic 
and mesotrophic freshwater as well as in oligohalinous water with a 
salinity up to 1,3 °/o9 Cl’. It tolerates pollution of the water very well, 
but it was not yet observed in industrial sewage. ‘he hemisphaerical 
juvenil stages of the species often have been confounded with Chaeto- 
phora elegans and Ch. pisiformis. _ 

Chaetonema irregulare is a minute epiphytic alga, occurring on 
Chaetophora as well as on Batrachospermum in the gelatinous layer around 
the stems; however, it is difficult to discover. Although it is presented 
only 3 times in the table, it nevertheless may be a species of common 


occurrence. 


In addition to the characteristic species of the association the green 
alga Cladophora glomerata and the bluegreen alga Tolypothrix lanata are 
1) The chlorinity of fresh water amounts to 0-0,3 °/gg Cl’. For oligohalinous 


and mesohalinous water these values respectively are 0,3-1,6°/o) and 1,6-9 a 
10 9/9 Cl’ (System of VALIKANGAS—REMANE). 
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often abundant. Contrary to Batrachospermum, Cladophora glomerata 
prefers the most illuminated spots in the association. It is very ubiqui- 
tous and dominates in very different vegetations, viz. in the Clado- 
phoretum glomeratae lacustre, in the meso- to polyhalinous Cladophoreto— 
Polysiphonietum DEN HaARTOG, n.p.), and) in the rheophilous Cladophoreto— 
Lemaneetum (= Cladophoretum glomeratae rheobenthicum SYMOENS, 1957). 
Even in the mountainous Hydruretum foetidi it sometimes may dominate. 

Tolypothrix lanata, and more rarely T. tenuis and T. distorta, too, form 
beautiful coloured bushes on the reedstalks. Other companions of the 
association, rather inconspicuous, but nevertheless always present in 
more or less large quantities, are Spirogyra sp., Mougeotia sp. and Oedo- 
gonium sp. However, I found them always in a sterile state. 

Further Rivularia biasolettiana (incl. R. dura) is a common species, 
occurring on reedstalks, wood, Chara hispida, Potamogeton pectinatus and 
stones. This species is also abundant in the Cladophoretum glomeratae 
lacustre. Also the large brightgreen colonies of the ciliate Ophridium 
versatile Ehrb. may be found on all imaginable substrates but they prefer 
hydrophytes as Potamogeton and Chara for attachment. 

Coleochaete scutata occurs in small numbers on Typha- and Phragmites- 
stalks, but is much more abundant on the undersurface of the leaves 
of Nymphaea alba, Nuphar luteum and Stratiotes aloides. 

More or less characteristic for eutrophiated waters are Stzgeoclonium 
tenue and Draparnaldia plumosa. They have been found in the Batracho- 
spermeto—Chaetophoretum along the banks of frequently used ditches 
between the meadows, in ponds and pools connected with them, and 
in the vicinity of farms. Last mentioned species tolerates very large 
fluctuations in salinity. 

In oligohalinous waters Enteromorpha prolifera is often abundant in 
the association. This species, however, reaches its optimum in the 
meso- and polyhalinous Enteromorphetum prolifero-intestinalis, where it 
often is the dominant species (DEN Hartoc, n.p.). Diverse bluegreen 
algae occur frequently in the association. I collected Dichothrix 
bauertana, Microcystis aeruginosa, Nostoc sphaericum, Oscillatoria amphibia, 
Phormidium laminosum, P. tenue, P. tinctorium and Schizothrix cortacea. 
Probably this list can be enlarged. 

In the samples of the Batrachospermeto—Chaetophoretum from the dune- 
pools I found also Schzzochlamys gelatinosa, Bulbochaete sp. and Ophio- 
cytium matus. These species are reported to occur in the other lakes 
investigated, but were absent in the samples studied by me. 


SYNECOLOGY 


The association occurs in clear freshwater under eutrophic and 
mesotrophic conditions. In the oligohalinous water of Botshol it is 
exposed to considerable annual fluctuations in chlorinity. In spring 
chlorinity amounts to 0,3—0,5 °/o9; in summer it increases to 1,1—1,3 °/5, 
decreasing again in autumn. In the other localitiesinvestigated chlorinity 
is low. In the eutrophic Naardermeer it amounts to 0,05—0,14 9/59, in 
the mesotrophic Loenerveense plas to 0,03—0,04 °/,5, in the dunepools 
Quakjeswater and Rietput to 0,1 °/99. 
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The association mostly occurs on the submerged parts of old stalks 
and roots of Phragmites, frequently also on Typha stems, more rarely 
on Equisetum fluviatile, Potamogeton pectinatus, P. compressus and Chara 
globularis. In addition to the epiphytic occurrence epilithic and epizoic 
growth were also observed. I found beautiful examples of the associ- 
ation on shells of live Limnaea stagnalis (L.) and Planorbis corneus (L.), 
so the minimum area of the community is very small. As stones are 
dumped only in localities exposed to wave-action, where the Batracho- 
spermeto—Chaetophoretum does not occur, the association is in our country 
mainly epiphytic. 

The Batrachospermeto—Chaetophoretum occurs in rather shaded localities 
where too small quantities of light penetrate for the very photophilous 
Cladophoretum glomeratae lacustre. In the Loenerveense Plas near Oud 
Loosdrecht, where both communities occur together, I only found the 
Batrachospermeto—Chaetophoretum on stones, heavily shaded by Salix- 
shrubs along the banks of the pond, the light from the other side being 
intercepted by dense facies of Scirpus lacustris. 

In reedborders the sciaphilous habit of the association causes a very 
remarkable distribution on the algal vegetation. On the most exposed, 
outermost stalks of the reedborder the Batrachospermeto—Chaetophoretum 
is absent from 0-15 cm below the water level, and has been replaced 


a 
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Fig. 1. Transsect of a reedborder. 
1 =Omphalia belliae, 2 = Cladophora 
glomerata- facies, 3 = Batrachospermeto— 
Chaetophoretum, 4 = coenose of Cordylo- 
phora caspia and Euspongilla lacustris. 
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by Cladophora glomerata, rarely accompagnied by other algae in this 
habitat. Ina depth below —15 cm the fragile Batrachospermum plants 
and the brightgreen bushes of Chaetophora incrassata appear. 

In clear water they descend to 70-80 cm, rarely to 1 m depth in the 
outside of the reedborder. More inward in the reed-edge, where the 
quantity of light decreases, the upper limit of the association coincides 
with the water level, while the lower limit may be reached already at 
30 cm depth. The lower limit of the association is often determined by 
competition with zoocoenoses, in which the hydroid Cordylophora caspra 
(Pall.), the mussel Dreissena polymorpha (Pall.) and the sponges ELuspon- 
gilla lacustris (L.) and Ephydatia fluviatilis (L.) are leading forms. On 
the reedstalks in Naardermeer and Botshol a narrow belt of the fungus 
Omphalia belliae Johnst. may be found slightly above the water level in 
autumn. A scheme of the zonation in reedborders is given in Fig. 1. 


LIFE CYCLE 


The annual rhythm of the association has been studied from 1954 to 
1957 in Botshol. Here Chaetophora incrassata appears a few weeks after 
disappearance of the last ice, thus generally speaking in March. 

The species soon increases in numbers and it is common during 
spring and summer. In October and November it dies. Occasionally 
in winter some hemisphaerical, 1-2 mm large individuals may be 
found. Batrachospermum moniltforme occurs during the whole year, and 
probably may live several years. Immediately after melting of the ice 
gonimoblasts are formed, which may be found to halfway May. In 
summer and autumn gonimoblasts have been found only exceptionally. 
In May everywhere the germlings can be found; they grow out in the 
course of the year to very large, blackish or greenish bushes. The 
largest plants, found by me, measured up to 25 cm, but these plants 
were probably several years old individuals. In some localities in 
Botshol Batrachospermum disappears in summer owing to the continually 
rising chlorinity; the tolerance to high chlorinity of Batrachospermum is 
considerable lower than in the case of Chaetophora. 

After cold winters an interesting zonation may be observed. In 
1956, after the very cold February-month, I found in Botshol, immedi- 
ately below the water level a 25 cm broad belt of Chaetophora germlings. 
With greater depth the numbers of Chaetophora decreased, but here 
enormous bushes of Batrachospermum, with welldeveloped gonimoblasts 
occurred. In the end of May this zonation-pattern had become in- 
distinct by settling of young Batrachospermum in the uppermost belt. 
Nevertheless in the deeper water the Batrachospermum’s were consider- 
ably larger. The cause of this temporary zonation was the ice-layer, 
measuring 25 cm, and killing all algae by freezing. After melting of the 
ice Chaetophora could develop directly, by germinating of resting stages. 
The invasion of Batrachospermum followed somewhat later in the season, 
after development of the carpospores, formed in the gonimoblasts. 


CLASSIFICATION OF THE ASSOCIATION 


WestuorF (1949) supposed the algal lasion of Phragmites- and Typha- 
stalks to contain characteristic species for the Scirpeto—Phragmitetum or 
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Phragmition. This supposion was based on the misconception, that a 
mutual affection occurs between Scirpeto—Phragmitetum and its submere- 
ed lasion. This is by no means the case. The algal vegetation in reed- 
borders develops only in such places, where light conditions and also 
exposition to wavedashing are favourable. It is, however, indifferent 
to the kind of substrate, which only serves for attachment. It is absent 
from thin reed- and Typha beds, which are exposed to wave-action. 
The combination of Batrachospermeto—Chaetophoretum and  Scirpeto— 
Phragmitetum, although often found, has to be considered as an oc- 
casional one. 

The Batrachospermeto—Chaetophoretum must be classified as a part of 
the freshwater-series of the Cladophora-formation, by reason of its physio- 
gnomy, its life-form pattern and its stratification. 


SUCCESSION AND COMPETITION 


Observations on succession and competition have been made in 
Botshol and Naardermeer from 1953 to 1957. The Batrachospermeto— 
Chaetophoretum only has been met with on reed- and Typha stalks more 
than a year old. On young stalks no algal vegetation occurs, owing to 
the rapid growth of the reed. On young shoots only species of Hydra 
have been found, in Botshol mainly Hydra vulgaris f. attenuata Pall., in 
other ponds Pelmatohydra oligactis Pall. may be the dominant species, 
while also other Hydra’s may occur. When the growth of the reed 
declines and comes to a stand-still, settlement of other species takes 
place. What species will establish themselves depends mainly on the 
quantities of light and on the exposure to wave-action. At the end of 
the summer and in autumn settlement of Cordylophora caspia, Euspongilla 
lacustris and a number of algae viz. Nostoc sphaericum, Phormidium tenue, 
Oedogonium sp., Spirogyra sp., and the small hemisphaerical form of 
Chaetophora incrassata may be observed. Batrachospermum settles rarely 
in the first year. In sheltered localities the algae are highly favoured 
by the scanty movement of the water. They crowd out nearly all 
animals, which are driven back to the deepest parts of the reedstalks. 
The limit between the Batrachospermeto—Chaetophoretum and the zoocoe- 
nose below it, is determined by mutual competition. 

However, the animal colonies prefer stations more exposed to water- 
movement, and here the algae stand little chance of settling. Only 
Cladophora glomerata competes succesfully with the animals and occupies 
the belt of 0-15 (25) cm below the water level. The remaining parts of 
the stalks are densely covered by Cordylophora caspia and Dreissena 
polymorpha, on the deepest parts also by the sponges Euspongilla lacustris 
and Ephydatia fluviatilis. The inconspicuous Hydra-species remain 
common. In exposed stations in the lakes and ponds of Friesland and 
the north-western part of Overijsel the same zonation occurs, but here 
the Bryozoon Plumatella fungosa (Pall.) is often dominant. = 

Animals feeding on algae have been observed in very small quantities 
in the Batrachospermeto—Chaetophoretum. Their influence 1s negligible. 
Only the following snails were found: Planorbis planorbis (L.), Acroloxus 


Fig. 2. Sheltered locality with Phragmites- and Typha-growth in the northern part 
of Botshol; a typical station of the Batrachospermeto—Chaetophoretum. 


Fig. 3. Stand of Typha latifolia, exposed to wave-action along the Grote Wij 
Botshol. The submerged lasion of this vegetation is characterized by the fad 


Cordylophora caspia. To the right Cladium mariscus is visible. 
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lacustris (L.), Bythinia tentaculata (L.), Limnaea palustris (Miill.) and 
Theodoxus fluviatilis (L.). 

Other animals observed in this association are the leeches Theromyzon 
tessulatum (O. F. Mill.) and Piscicola geometra (L.). The first species is a 
parasite of waterbirds. In Botshol it is observed only rarely outside 
the Batrachospermeto—Chaetophoretum. In the Naardermeer, where ex- 
tensive parts of the watersurface are covered by the leaves of Nymphaea 
alba, it is confined to them, and was never observed in the reedborders. 
Pisctcola geometra, a parasite of fishes, occurs only in the outermost part 
of the reedborder, in sheltered as well as in exposed stations. 


DIsTRIBUTION 


The association is widely distributed in the lakes and ponds of the 
western part of the Netherlands. I ascertained its occurrence in the 
Botshol, the Naardermeer, the broads of Loosdrecht (Loenerveense 
Plas, Eerste Loosdrechtse Plas), the broads of Nieuwkoop, ditches in 
the Alblasserwaard, near Kudelstaart and near Nigtevegt. No data 
are available from the lakes of the north-western part of the province 
of Overijsel. In the turbid lakes of the province of Friesland I did not 
succeed in finding the association but Mr. A.S. Tulp kindly send me a 
fine sample of Batrachospermum moniliforme, collected on reedstalks in 
the Groote Wielen near Leeuwarden. 

Except in the lacustrine district the association occurs in dunepools 
(Rietput and Tweede Korfwatertje near Petten, Quakjeswater). 

No doubt the Batrachospermeto—Chaetophoretum occurs in other parts 
of Europe. Krox (1869, cited by Luruer, 1953) mentions Chaetophora 
incrassata, together with Batrachospermum moniliforme and Draparnaldia 
glomerata (= D. plumosa) from the Bothnian Gulf near Haparanda, 
where the salinity amounts to ca. 1 °/o, NaCl. MarGALEF (1953) found 
the association of Batrachospermum moniliforme and Chaetophora incrassata 
in a small, slowly running stream with Potamogeton, Callitriche, Nasturtium 
and a grass, in the north-eastern part of the Balearic island Majorca. 
Besides the characteristic species he found also Draparnaldia plumosa, 
Spirogyra sp., Tolypothrix distorta, much diatoms and a few desmids, 
which findings enlarge the agreement with the Dutch vegetation. 
However, the mass-occurrence of Cladophora fracta rivularis and the 
mosses Platyhypnidium rusciforme and Fontinalis durieuw points to the 
Oxyrrhynchietum rusciformis, the moss-dominated association of eutrophic 
running water. Thus in slowly running water both associations can 
occur mixed. 

Dr E. Kann kindly informed me, that she observed Batrachospermum 
moniliforme together with Chaetophora cornu-damae (= Ch. incrassata) in 
the Traunsee in Austria. Some vegetations described by WAERN (1939) 
from the Swedish lake Takern and by Kann (1958) from lakes in 
Holstein show a close floristic relation with the Batrachospermeto— 


Chaetophoretum, but are not identical. 
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SUMMARY 


The Batrachospermeto—Chaetophoretum is a very characteristic algal association, 
widely distributed in oligohalinous as well as in eutrophic and mesotrophic fresh- 
water in the lakes and ponds in the western part of the Netherlands. It prefers 
shaded stations, sheltered from wave-action and occurs on reeds, Typha stalks and 
waterplants, but also on stones and live snails. The association may be found the 
whole year round; Batrachospermum moniliforme is a perennial species, propagating 
in spring, Chaetophora incrassata an annual one. Owing to its small light requirement 
the association is bordered at the upper limit by the photophilous Cladophoretum 
glomeratae lacustre; the lower limit is determined by competition with sessile animal 
colonies. Probably the association has a wide distribution in Europe. 
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MeniiWeOARADIDIGOLOUS- SPECIES OF THE 
GENUS LABOULBENIA FROM SUMATRA 


(ASCOMYCETES, LABOULBENIALES) 


C. A. W. JEEKEL 
(Xoblogisch Museum, Amsterdam) 


(recewed March 10th, 1959) 


In the course of investigations carried out in the Zoological Museum 
at Amsterdam, a considerable amount of material of Laboulbeniales 
was obtained from beetles of the family Carabidae from the Indo- 
Australian region. An extensive report on this collection is in prepa- 
ration. In the present paper one of the most distinct species collected 
is described and I take pleasure in dedicating this species to Prof. Dr. 
J. Hermans in grateful recognition of his drawing my attention to this 
fascinating group of Fungi and his stimulating interest in the progress 
of my work. 


Laboulbenia heimansii nov. spec, 

Material. — 2 full-grown individuals taken from the inferior surface 
of the prothorax of a specimen of Casnoidea interstitialis Schm.—Goeb. 
from Sumatra: Manna, 1902, Coll. M. KNApPERT (slide nr. Z. M. A. 
BENE 

Latin description. — Proxima L. concinnae Thaxt., sed forma longiore 
et graciliore differt. Receptaculum pallide lutescens, hyalinum, dista- 
liter paullo dilatatum. Cellulae III et VI angustiores, quam in L. 
concinna pro rato longiores, cellula V cellulam HI haud attinginte. 
Perithecium pro rato brevius et latius quam in L. concinna, para- 
physibus minus numerosiores. In Casnoidea interstitial: occurit. ‘Typus: 
Museum Zoologicum Amstelodamensium, prep. No. Z.M.A. 359. 

Description. — Receptacle very pale yellowish, rather weakly 
punctulate distad of cell I. Cell I large, subcylindrical, the basal half 
gradually tapering towards the foot-cell. Gell IT about half as long as 
cell I, but of about the same width, cylindrical, anterior and posterior 
sides of equal length, the proximal and distal septa marked by slight 
constrictions. Cells III and IV subequal, each about half as long as 
cell II. Septum between cells III and IV marked by a slight con- 
striction. Cell VI somewhat longer than cell III, about two thirds 
of cell II. Cell V rather small, separated from cell IV by an oblique 
septum, therefore not in contact with cell III. Cell VII also rather 
small and only a little broader than cell V, bulging a little at the 
anterior side. Insertion-cell normally developed, almost horizontal, 
black. Basal cells of perithecium elongate so as to form a hyaline neck- 
like stalk for the perithecium. The curvature of this stalk causes the 
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perithecium to bend away from the longitudinal axis at an angle of 
about... 

Perithecium opaque, brownish black, except at the somewhat 
translucent lip-cells. Perithecium rather long, rather slender (possibly 
due to shrinkage during the long time of dry preservation), broadest 
atabout one third of its length, asymmetrically and gradually tapering 
towards the apex. Apex shortly cylindrical. Mouth of perithecium 
opening distally, with a wide slit on the lateral side. 

Outer basal cell of appendages rather broad but short, a little 
prominent on the posterior side, its distal septum blackened, the 
branches broken off. Inner basal cell of about the same size as the 
outer, giving rise to a tuft of apparently rather short, unbranched 
paraphyses with blackened septa. 

Total length to tip of perithecium: 385-440 jm; largest width: 
45-50 mw; length to insertion-cell: 210-240 u; perithecium exclusive 
of stalk: 135-160 « x 48-50 mu; perithecium including stalk: 175-210 pu. 


With the number of described species, subspecies and varieties 
coming near to 500, the genus Laboulbenia is the largest of its order. 
The last comprehensive treatment of the genus was given by THAXTER 


Fig. 1. Laboulbenia heimansii nov. spec., 
type specimen. 
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in the 2nd part of his unsurpassable monograph and dates from 1908. 
Since that time, however, many new species have been described, 
partly by THaAxTer in his preliminary papers, partly by SPEGAzzINI 
and others. Obviously, a revision of Laboulbenia was planned by 
THAXTER, but unfortunately this revision never appeared owing to 
his untimely death in 1932. 

In view of these circumstances, the description of a new species of 
Laboulbenia has become a somewhat hazardous undertaking nowadays. 

To determine the relationship of the presently described species it 
seems fully justified to restrict the discussion to those forms occurring 
on Carabid hosts, since the species described from other Coleopterous 
families and insect orders other than Coleoptera apparently either 
belong to specific and rather disjunct groups or pertain to the complex 
of certain polyphagous species like L. flagellata Peyr., L. polyphaga 
ehaxecvetc: 

Among the Carabidicolous species of Laboulbenia an entirely free 
and stalked perithecium such as in the presently described species is 
by no means a normal feature. The character is obviously one of a 
derivative nature, and the species in which it occurs are to be looked 
upon as highly differentiated. We find a stalked perithecium in a 
number of species parasitic on hosts belonging to quite disjunct tribus 
of the family Carabidae, like, for instance, the Panagaeini (L. brachto- 
nychi Thaxt., L. brachionychi subsp. euschizomert Speg.), the Pterostichini 
(L. orthomi Thaxt., L. cauliculata Thaxt., L. colpodis Thaxt.), the 
Helluodini (L. helluodis Thaxt.), the Dryptini (L. galeritae Thaxt., 
L. decipiens Thaxt., etc.), etc. The morphological differences between 
the groups of parasites infesting these host categories show that, on 
the one hand the stalked perithecium was acquired along different 
phylogenetic lines and, on the other hand, a certain degree of host 
specificity of the species-groups of Laboulbenia with regard to the host 
categories exists. 

It is, therefore, not surprising that the nearest relative of L. heimansit, 
L. concinna Thaxt. 1902 from “‘Casnonia” spec.') from Buitenzorg, Java, 
came from a host species belonging to the same tribus as Casnoidea 
interstitialis Schm.-Goeb., viz. the Colliurini. L. heimansi and L. 
concinna agree largely in the conformation of the receptacle, the 
relation of the perithecium to the receptacle and the characters of 
the appendages. L. concinna, however, may be easily distinguished by 
the dark colour of the receptacle distad of cell I, the less elongate and 
more club-shaped receptacle, the comparatively broader cells III and 
VI, the relatively larger cell V, which is separated from cell IV by 
a vertical septum and thus is in contact with cell III, and the more 
copiously developed appendages. 

As regards the relationship of L. concinna, ‘THAXTER (1908) did not 
give an opinion, and the place the species was given, viz. between 
L. rhinophora Thaxt. and L. imitans Thaxt., does not appear to have 


1) According to Csrxr (1927-1933) the name Casnonia is no longer in use. The 


Indonesian species previously referred to this genus apparently now belong to the 
genera Colliuris and Casnoidea. 
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much significance in this respect. Indeed, L. concinna and L. hetmansit 
seem to stand rather isolated, in particular among the other species 
recorded from hosts of the tribus Colliurini. 

According to my unpublished host-index of the Carabidicolous 
Laboulbeniales the following species of Laboulbenia have been recorded 
from the Colliurini, sensu Csrg1 (1927-1933). 


Recorded also from Bo 
Host genus Parasite hosts of the tribus Geographical distribution 


Colliuris L. casnoniae ‘Vhaxt. Pterostichini, Lebiini Oriental, Australian 
Palearctic, Ethiopian and 
Neotropical regions 


L. equatorialis Thaxt. — Neotropical region 

L. falcata Vhaxt. — Neotropical region 

L. flaccida 'Vhaxt. — Neotropical region 
Casnoidea L. casnoniae ‘TVhaxt. See above 

L. heimansii nov. spec. = Oriental region 


*““Casnonia’”’ (Casnoidea 


or Colliuris ) L. asiatica Vhaxt. — Oriental region 
L. bottegot Speg. — Ethiopian region 
L. concinna Vhaxt. = Oriental region 
Calophaena L. minima ‘Thaxt. Lebiini, Agrini Neotropical region 
L. triordinata ‘Thaxt. — Neotropical region 
Eudalia L. eudaliae Vhaxt. — Australian region 
Leptotrachelus L. minima 'Thaxt. See above 
Pionycha L. minima Thaxt. See above 


Of these species, L. casnoniae doubtlessly belongs to the complex 
of L. flagellata Peyr. and apparently takes the place on the Colliurini 
and Lebiini of the latter which focusses on the Pterostichini. Only a 
single record of L. casnoniae from Pterostichini is known, but this may be 
considered somewhat doubtful since the locality of the particular host 
Homothes elegans Newm., an Australian species, was given as “India”. 

L. flaccida, according to THAXTER (1908), is related to L. planetis 
Thaxt. from Planetes (Zuphiini) and L. helluodis Thaxt. from Helluodes 
(Helluodini), and was compared also with L. casnoniae. It seems to be a 
more differentiated form belonging to the complex of L. flagellata. 

Possibly related to the species of the /lagellata-complex, though 
decidedly more disjunct, is L. asiatica, which is closely related to L. 
celestialis Thaxt. from Drypta (Dryptini) and Dicranoncus (Pterostichini) 
and apparently also to L. acrogenis Thaxt. from Acrogenys (Zuphiini). 
By evidence of the characters of the appendages, in particular the 
inflated outer basal cell, L. equatorialis and L. falcata, two somewhat 
isolated species, seem to show affinity to L. asiatica. , 

L. eudaliae was compared with L. loxandri Thaxt. from Loxandrus 
(Pterostichini) by T'HAxrTEr, but the relationship was considered quite 
uncertain. ‘The characters of the appendages, however, seem to show 
some similarity with those of L. equatorialis and L. falcata: the inflated 
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outer basal cell characteristic for the latter two species and L. astatica is 
also typically developed in L. eudaliae. 

Together with L. casnoniae, L. minima so far is the only species 
parasitic on Colliurini which has been recorded from other Carabid 
tribus, but probably THaxTER united several species under this name. 
L. mimma was compared with L. longicollis Thaxt. from Galerita (Dryp- 
tini) by THAXTER in 1908 in spite of the totally different conformation 
of the receptacle. L. longicollis, a species with a stalked perithecium, 
superficially somewhat resembles L. hetmansii, but differs in particular 
by the structure of the appendages. In that respect it differs also from 
L. minima and the relationship between L. longicollis and L. minima, 
therefore, seems rather remote. On the other hand the appendages 
in L. minima are not unlike those in L. concinna and L. heimansii, and 
L. minima, although strongly differing in habit, may be regarded as 
the nearest relative of L. concinna and L. heimansii. On the whole, these 
three species appear related, though not particularly closely, to the 
group of L. asiatica, L. equatorialis, L. falcata and L. eudaliae. 

L. triordinata among the other species occurring on Colliurini stands 
quite isolated. It is decidedly related to L. helluomorphae Thaxt. from 
Helluomorpha (Helluonini) and Plewracanthus (Helluonini) and L. per- 
plexa Thaxt. from Galerita (Dryptini), as stated by THAXTER, as well as 
to other species described from Galerita. 

L. bottegoi, finally, was described without reference to other species. 
It seems to be a minute and rather insignificant form pertaining to the 
complex of L. polyphaga Thaxt., a species with a wide host-distribution 
focussing on Harpalini. 

Summarizing the above discussion we may say, that the species of 
Laboulbena parasitic on hosts of the tribus Colliurini do not form a 
cohesive group but rather fall apart in several more or less unrelated 
categories. Of these the group embracing L. minima, L. heimansu and 
L. concinna, apparently having no definite relatives on other Carabid 
tribus, seems to be the most characteristic. The species of the other 
groups have their nearest relatives on Pterostichini, Harpalini, Lebiini, 
Agrini, Dryptini, Zuphiini, Helluodini, and Helluonini. 

It may be of interest, especially to Coleopterologists, to pass some 
remarks here on the information which the systematic relationship 
of the parasites may supply on the affinities of their host-group to 
other Carabid tribus. Although it is quite clear that there exists no 
absolute parallel in the taxonomy of insects and the Laboulbeniales 
which infest them, there can be no doubt that the host-distribution of 
the species of Laboulbenia is not a random one, and that, in general, 
it gives some indication as to the interrelationship of the hosts. 

In the present case, there is no doubt that the Colliurini through 
their parasites show a strong affinity to the tribus Lebiini, Agrini, 
Dryptini, Zuphiini, Helluodini and Helluonini. These six groups, 
together with some others, partly raised to the rank of families, have 
been recently united in a superfamily Lebiomorphi by JEANNEL (1949), 
and were opposed, amongst the superfamilies Harpalomorphi, Callisto- 
morphi and Masoreomorphi, to the Odacanthomorphi, a superfamily 
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largely agreeing in concept with the tribus Colliurini sensu CsIK1. 

In view of the evidence supplied by the relationships of the species 
of Laboulbenia occurring on Colliurini, however, it may be remarked 
tentatively, that the distinctive characters of this tribus as against the 
six other tribus may have been somewhat overestimated by JEANNEL. 

The indications towards a relationship of the Colliurini with the 
Pterostichini and Harpalini also may be of importance. ‘The fact, 
however, that these indications are given mainly by two weakly 
differentiated species, L. casnoniae and L. bottegot, reduces somewhat 
their significance. 
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FLORAE MALESIANAE PRECURSORES XXII 
CLADIUM AND MACHAERINA (Cyper.) 


J. H. KERN 
(Riksherbarium, Leyden) 


(recewed March 10th, 1959) 


The circumscription of the genus Cladium as adopted by BENTHAM 
(1883), Pax (1887), CLARKE (1908), and also recently by KUKENTHAL 
(1942), in his monographic treatment, has often been criticized and 
with good reason, for it covers species so heterogeneous that they can 
not be considered congeneric. 

Cladium was published as a monotypic genus based on C. jamaicense 
Crantz from the West Indies (BRowng, 1756; Crantz, 1766). After 
Brown (1810) had extended it considerably by the inclusion of a 
number of Australian species, several authors of the last century 
restricted it again to the immediate allies of C. jamaicense. For the other 
species some new genera were created, such as Machaerina Vahl (1806), 
Baumea and Vincentia Gaudich. (1829), Chapelliera Nees (1834), which 
were reduced once more to sections or subgenera of Cladwum by 
Bentham and his followers. This reduction, however, was neither 
accepted by Patra (1902), who on morphological and anatomical 
grounds reinstated Baumea as a separate genus, nor by Srapr (1914), 
who transferred a number of Malaysian Cladia to Vincentia, with the 
remark that the West Indian Machaerina approaches so closely to 
Vincentia that its claim to generic rank might be questioned. 

Lately Koyama (1956) divided Cladium sensu lato into two genera, 
one comprising C. jamaicense and its immediate allies only, the other 
embracing those species formerly referred to Machaerina, Baumea, 
Vincentia, or Chapelliera. 1 fully agree with him that this procedure 
results in two well-circumscribed, natural groups of generic rank, and 
that the correct names respectively are Cladium and Machaerina. 

To the numerous characteristic features of both genera as tabulated 
by Koyama (1956, p. 60), I might add some often overlooked or under- 
valued differences. Bentham ascribed to Cladium in its wide sense 
“olumae undique imbricatae”’, Pax “Deckschuppen spiralig oder nur 
sehr undeutlich 2-zeilig”, and CLarkeE (1894) “glumes imbricate on 
all sides”. KiKenrua (1944) divided the subfamily Rhynchosporotdeae 
into three tribes: Schoeneae with 3 stigmas and distichous glumes, 
Cladieae also with 3 stigmas but the glumes spirally arranged, and 
Rhynchosporeae with 2 stigmas. It is somewhat surprising that in this 
very simplified system Remirea maritima Aubl. and Actinoschoenus 
thouarsii Kunth, both with exactly distichous glumes, are placed in 
Cladieae. As to Cladium sensu stricto, the glumes are here certainly spiral, 
but in Machaerina in Koyama’s sense I always find the arrangement 
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to be distichous, as was already stated by excellent observers such as 
Kunth and Nees. The best characterization of the spikelet is perhaps 
that given by Nexs (1846-47) for his genus Chapelliera: 

“TDispositio squamarum et bracteolarum spiculae in universum haec 
est: Spiculis ternis bracteolae sunt duae, squamis latiores, spiculis 
lateralibus a latere incumbentes. Squamae sunt distichae: inferior 
paulo minor et sterilis; secunda fertilis 2; tertia isti aequalis, sterilis ; 
quarta minor, flore hermaphrodito saepe abortivo; quinta inclusa 
exigua.” aa 

When KUKENTHAL (1942, p. 164) says that Cladium distichum C. B. 
Clarke stands apart in the genus (as circumscribed by him) because 
of the exactly distichous arrangement of the glumes, I can not agree 
with him. The two-ranked disposition of the glumes is much accentuated 
in the proliferous spikelets of Cladiwm distichum, but can also readily 
be observed in those Machaerina species with several-flowered spikelets, 
such as M. articulata (R. Br.) Koyama, M. aspericaulis (Kiik.) Koyama, 
M. indifolia (Bory) Koyama, etc. It must, however, be borne in mind 
that the bract and the prophyll of the lateral spikelets (one of them 
or both may be present) are placed transversally with respect to the 
glumes. Very rarely I found the uppermost, sterile glume also placed 
transversally, e.g. in Machaerina gunni (Hook. f.) Kern. This irregularity 
may be caused by the ripening fruit pushing aside the tiny glume. 

KUKENTHAL (1942, p. 2) drew attention to another important 
character peculiar to Cladium sensu stricto but lacking in Machaerina, viz 
the saucer-shaped disc below the nut, not unlike that frequently found 
in Sclerta. In Gladium mariscus (L..) Pohl, from which in my opinion 
C. jamaicense, C. procerum 8. T. Blake, etc. are only racially distinct, this 
disc usually remains on the rhachilla when the fruit falls off. Though 
less conspicuous than in C. mariscus, a disc is also found in the North- 
American CG. mariscoides (Muehlenb.) Torr. The incrassate, obpyrami- 
date stipe of the nut in some species of Baumea, according to KUKkEn- 
THAL (1942, pp. 2 & 6) a rudimentary disc, is morphologically quite 
different. 

The hollow stems of Cladium in contrast to the pithy or septate ones 
of Machaerina may possibly also furnish a distinctive generic character. 


There are some regrettable inaccuracies in Koyama’s extensive list 
of transfers to Machaerina. 

It is generally accepted that Cladium vauthiera Clarke and GC. borneense 
Clarke belong in Lepidosperma, Chaetospora capillacea Hook. f. in Tetraria, 
Cladium cyperoides Merr. in Fimbristylis, Cladium melleri Baker and C. 
pantapodum Baker in Costularia, Cladium monocarpum Black and Schoenus 
punctatus R. Br. in Schoenus, and Cladium procerum S. 'T. Blake is a true 
Cladium. Their transfer to Machaerina obscures the delimitation of this 
genus, and disagrees with the principle that the useless creation of new 
names should be avoided. 

The authority cited in parentheses is not always correct: the 
basionym of Machaerina iridifolia is Scirpus iridifolius Bory, Machaerina 
laxa should be based on Chapelliera laxa N ees, Machaerina scirpoidea on 
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Fig. 1. a: spikelet of Machaerina sinclawit (Hook. f.) Koyama; : diagram of lateral 

spikelet of M. gunnii (Hook. f.) Kern; ¢: spikelet of this sp.; d: spikelet of M. deplancher 

(Boeck.) Koyama; e: spikelet of M. articulata (R. Br.) Koyama; f: spikelet of M. 

mariscoides (Gaudich.) Kern; g: diagram of 1-flowered lateral spikelet of Machaerina 
sp. — All spikelets x 7. 
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Terobera scirpoidea Steud., and Machaerina tetragona on Lepidosperma 
tetragonum Labill. 

While arranging the Machaerina collections of the Leyden Herbarium, 
it appeared necessary to make the following new combinations: 


Machaerina acuta (Labill.) Kern, comb.nov.—Schoenus acutus 
Labill., Nov. Holl. Pl. Sp. 1:18, t. 18. 1805. 

Machaerina flexuosa (Boeck.) Kern, comb. nov.—Scirpus wridi- 
folius Poir. in Lamk, Enc. Méth. Bot. 6:783. 1806, non Bory (1804).— 
Baumea flexuosa Boeck., Abh. Nat. Ver. Bremen 7:39. 1880. 

Machaerina gunnii (Hook. f.) Kern, comb. nov.—Cladium gunnit 
Hook. f., Fl. Tasm. 2:95. 1858.—See S. T. Blake (1943). 

Machaerina lamii (Kiik.) Kern, comb. nov.—Cladium lamu Kik., 
Bull. Jard. Bot. Btzg II, 16:309. 1940. 

Machaerina mariscoides (Gaudich.) Kern, comb. nov.—Baumea 
mariscoides Gaudich. in Freyc., Voy. Bot.: 417. 1829.—Cladium gaudi- 
chaudii W. F. Wight, Contr. U.S. Nat. Herb. 9:230. 1905.—Machaerina 
gaudichaudii (W. F. Wight) Koyama, Bot. Mag. Tokyo 69:64. 1956. 

In 1905 the epithet mariscoides was not transferable to Cladium because 
of the already existing combination Cladium mariscoides (Muehlenb.) 
Torr. In Machaerina the earliest epithet mariscoides has to be used. 

Machaerina nuda (Steud.) Kern, comb. nov.—Schoenus nudus 
Steud. ovie2s/00— 000. 


In several cases I can not agree with Koyama as to the systematic 
value of taxa originally described as species. As to the Malaysian 
Machaerinae, M. disticha, M. philippinensis, and M. micranthes are in my 
opinion not specifically distinct, and so are M. arfakense and M. 
teretifolia, M. crinita and M. sinclairii, M. sinuata and M. glomerata, M. 
iris and M. falcata. 

Koyama also transferred Cladium undulatum ‘Thwaites to Machaerina, 
but in my opinion this species is neither a Cladium nor a Machaerina. 
Kiikenthal placed it in Cladium sect. Obtusangula next to Cladwum 
philippinense, C. distichum, and C. articulatum, which, however, are 
certainly not its nearest allies. Its leaves are dorsiventrally flattened 
and spirally disposed in a basal rosette. Clarke and others described 
the spikelets as being 1—2—flowered with the lower flower perfect, but 
in the numerous spikelets I examined I always found a single flower 
only without a small sterile glume above it (see CLARKE 1909). The nut 
hairy at the top, with thin exocarp and 3 longitudinal pale ribs is 
quite different from the thick-walled hard nut in Machaerina. Perianth- 
bristles are not found in Cladium. In Machaerina they rarely occur (e.g. 
in M. restioides and M. maingayz), and here they are always very delicate 
and capillary. The bristles in Cladium undulatum, however, are whitish 
flattened and scale-like, very similar to those of Lepidosperma, but hairy 
and not thickened after anthesis. The species occurs also in Australia. 
BentTuaM (1878) placed it in Tricostularia, as T. fimbristyloides F. v. M. 
and remarked that it is very nearly allied to Cladium undulatum from 
Ceylon and to an “unpublished Borneo species’”’, which three might 
almost rank as a distinct genus. The Ceylon and Borneo plants are 
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undoubtedly conspecific with the Australian ones and their systematic 
place is rather in Tricostularia than in Cladium or Machaerina. 


Tricostularia undulata (Thwaites) Kern, comb. nov.—Cladium 
undulatum Thwaites, En. Pl. Zeyl.: 353. 1864. 


Here it may be remarked that nuts and bristles of the same type are 
found in Chaetospora paludosa R. Br., which Bentham also placed in 
Tricostularia. Kiikenthal referred it to Schoenus sect. Helothrix, but it is 
very remote from the other species of this section, and the characteristic 
features of Schoenus — upper flower(s) reduced and upper internodes 
of the rhachilla elongated and zigzag — are not found in it. KUKEN- 
THAL (1938, p. 5) says that in Tricostularia the glumes are spirally 
arranged and the stamens inserted on a disc, but both objections to 
placing in Tricostularia are unsound. 

As was already stated by KiKENTHAL (1942, p. 193; 1952, p. 2) 
Cladium stradbrokense Domin is synonymous with Trachystylis foliosa 
S. T. Blake. This species has certainly nothing to do either with 
Cladium, or with Machaerina, and its transference to Machaerina seems 
unjustified. Because of its 1-2-flowered spikelets with several empty 
glumes at the base, Blake placed his genus Trachystylis in the tribe 
Rhynchosporeae next to Actinoschoenus and Arthrostylis, from which genera 
it was distinguished by the well-developed leaves, the umbel-like 
inflorescence, the bifid hispid style, and the 2 stamens. Blake admitted 
that in many characters Trachystylis is not unlike Fimbristylis of the 
Scirpeae, but apart from the tribal characters he thought the characters 
of style and nut rather different. The tribe Rhynchosporeae — even raised 
to the rank of a subfamily by several authors — is inadequately defined 
by few-flowered spikelets with several empty glumes at the base. Such 
spikelets are frequently found in Scirpeae, whereas on the other hand 
several-flowered spikelets are to be found in numerous species of 
Schoenus, Machaerina, and Rhynchospora. In Scirpeae the number of empty 
glumes usually varies from 0 to 9, but there are many exceptions, also 
in Fimbristylis. For instance, in the widely distributed Fimbristyls 
monostachyos (L.) Hassk. frequently the 4 lower glumes are sterile, the 
3rd and 4th being of the same shape and size as the flower-bearing 
glumes. On the contrary several “rhynchosporoid” species have only 
2 empty glumes at the base of the spikelet. The floral characters of 
Cladium stradbrokense are those of Fimbristylis, the leaves with their 
thickened margins and cellulose-reticulate upper side are characteristic 
of this genus, as is the anthelate structure of the inflorescence. In my 
opinion the species should be placed in Fimbristylis. 


Fimbristylis stradbrokensis (Domin) Kern, comb. nov.—Cla- 
dium stradbrokense Domin, Bibl. Bot. Heft 85:476. 1915.— Trachystyls 
foliosa S. T. Blake, Proc. R. Soc. Queensl. 48:89. 1937.—Trachystylis 
stradbrokensis (Domin) Kik., Bot. Jahrb. 75:496. 1952—Machaerina 
stradbrokensis (Domin) Koyama, Bot. Mag. Tokyo 69:65. 1956. 
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BALLOTA NIGRA L: AUX PAYS-BAS 


G. KRUSEMAN 
(Amsterdam) 


(recu le 10 mars, 1959) 


M. Parzak, dans son excellente étude “Revision der Gattung 
Ballota Section Ballota” (Ann. nathist. Mus. Wien, 62: 57-86, 1958) 
n’a guére cité des exemplaires des Pays Bas. Commesa carte de distri- 
bution indique que les deux sous-espéces de l’Europe centrale, Ballota 
nigra L. ssp. nigra et B. nigra L. ssp. foetida Hayek, ont été récoltées dans 
notre pays, il nous sembla utile d’étudier les spécimens qui se trouvent 
dans nos herbiers. 

Presque tous les exemplaires néerlandais appartiennent au Ballota 
nigra ssp. foetida. En étudiant les nombreuses récoltes dans la collection 
du Rijksherbarium de Leiden, nous étions surpris de constater la 
grande diversité dans les formes des dents des calices de la ssp. foetzda. 

La forme des dents de la sous-espéce migra est longue et €troite 
(Fig. 1); celle de la sous-espéce foetida, au contraire, est plus large 
(Fig. 2 et 3). Par conséquent le calice de la ssp. nigra est étroit, tandis 
que celui de la ssp. foetida est en forme de cloche. 

Nous avons pensé a la possibilité que les plantes néerlandaises et 
celles d’Allemagne pourraient représenter une cline entre les exem- 
plaires avec des dents selon la fig. 9 et la ssp. nigra. Dans ce cas il 
faudrait trouver une variabilité réduite dans le sud-ouest de I’Europe, 
mais il nous semble qu’une telle réduction n’existe pas. 


Dents des calices de Ballota nigra, dessinés a la camera lucida. Fig. 1, ssp. nigra de 
Berlicum; Fig. 2, ssp. foetida de ’s-Gravenhage, de Witte Brug; Fig. 3, ssp. foetida 
de ’s-Gravenhage, Scheveningsche Boschjes. 
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I] existe probablement en Europe centrale une région ot les deux 
sous-espéces nigra et foetida hybridisent. 

Dans le Rijksherbarium de Leiden, il y a deux exemplaires (Leiden, 
buiten de Rijnsburgerpoort, 1856 et Nijmegen, Runmolenweg, 1934) 
qui forment probablement des intermédiaires entre les sous-espéces 
nigra et foetida. 

Dans les Pays-Bas les localités de la ssp. nigra sont les suivantes: 


Rijksherbarium, Leiden: 


Deventer Meelfabriek 1916 Ktoos 
i. Meelfabriek 1919. .Kroos 
o Noury & v.d. Lande 1938 Hoxtuuts 
Noury & v.d. Lande 1939 Jeswmt & K1oos 


Zutphen Langs een dijk 1919 JANsEN & WACHTER 
Arnhem Malburgsche-veer 1927, NV. SORST 
Nimegen St. Annalaan 1902 KeEmPERs 
a Voorm. Koornmolen 

St. Anna 1926 Kern & REICHGELT 
Molen bij Mill 1926 leg. J. Kern 
Berlicum N. Br. pakhuis 1930 Kern & REICHGELT 
Roermond Heg 1906. Des TomBE 
Wormerveer Meelfabriek [914 Kr60s 
Den Haag Witte Brug 1913. v. BuRKom 
Middelburg Meelfabriek 1916 Evers 

Herbarium, Utrecht: 

Laren (Geld.) 1916 Kooper 


De cette liste il parait que la majorité des plantes a été récoltée 
prés de moulins ou d’usines, ou bien a des endroits qui sont bien connus 
par leurs plantes adventives. I] faut en conclure que pour les Pays-Bas 
la ssp. nigra ne sera jamais autre chose qu’une plante introduite. 

Quant a la ssp. foetida les récoltes sont tellement nombreuses qwil 
est impossible de les énumérer. 

Alors nous arrivons aux conclusions suivantes: Les Pays-Bas forment 
une partie de l’aire de la ssp. foetida. Il faut admettre que les exem- 
plaires néerlandais de la ssp. nigra ne sont que des plantes introduites. 
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EX EIFIGATION AND CONSERVATION OF 
GENERIC NAMES IN MUSCI 


W. D. MARGADANT 
(Botanical Laboratory, Groningen) 


(received March 31st, 1959) 


The type method, incorporated in the International Code of 
Botanical Nomenclature (abbreviated ICBN) in 1930, has not yet 
been applied to a number of genera in the group Musci. In some cases 
the application published is not in accordance with the present Code. 
Of course the older authors did not use the type method explicitly. 
However, from their treatments typifications of older generic names 
can be derived in many cases. During the preparations for the Index 
Muscorum the history of many names had to be traced. The results, 
when needing comment, are discussed below. 

Conservation, according to the ICBN, may be proposed “in order 
to avoid disadvantageous changes in the nomenclature’? and should 
“preferably concern such names as have come into general use in the 
fifty years following their publication, or which have been used in 
monographs and important floristic works up to the year 1890” (art. 
14). Conservation can be a necessary correction on changes in the 
Code. When the starting point for the nomenclature of Musct was 
changed from Linnaeus 1753 to Hedwig 1801 the priority of a number 
of names was altered. Necessary conservations have been proposed by 
Little, Bryologist 46: 105-125. 1940, accepted in due course with some 
exceptions. A clear example is Barbula Hedw., originally published by 
Hedwig in 1782, invalidated by the change of the starting point and 
in 1801 a later homonym of Barbula Loureiro 1790 in Phanerogamae. 
This has been corrected by conservation. The case of Pottia falls in 
this group. 

Other names used in modern bryology without exception are 
nevertheless illegitimate because an older, neglected name has 
priority. Conservation may be considered in these cases. Perhaps there 
are more such names than traced up to now in the preparations for the 
Index Muscorum. é 

Typification can make a conservation necessary or highly desirable. 
The choice of the original author is decisive. If one element is present 
this is automatically the type. This is simple enough; nevertheless a 
peculiar problem arises when a single species mentioned in the 
publication of a new genus with a description afterwards appears to be 
based on a type specimen not fulfilling this description. The article 
accepted in the Amsterdam Congress (with the example of Pseudotsuga 
mertensiana) definitely fixes the meaning of the species concerned: it 
follows its type-specimen of the original publication. 
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As the genus follows the type-species, the meaning of the generic 
name is altered notwithstanding a clear description. It is irrelevant 
that probably the proposers of the article concerned did not foresee 
this consequence, nor that they possibly would not have had it 
included. Conservation of the name ina sense excluding the original 
type and selecting another type solves the problem. Perhaps some other 
wording of the ICBN would cover the problem. This, however, might 
have still other unforeseen consequences and conservation in special 
cases is to be preferred. 

The case of Conocephalum Wiggers, on which I shook hands with 
Dr. Proskauer in the Paris Congress was partially related to this 
problem. Later Dr. Proskauer brought more facts to light and I can 
approve his new proposal. The case of Macrohymenium C. Muell. 
discussed below is a clear example. 

The important grants from the Netherlands Organisation for Pure 
Scientific Research Z.W.O., Den Haag and from the National Science 
Foundation, Washington D.C., U.S.A., are gratefully acknowledged. 
The facilities of the State University in Groningen, especially the 
University Library and the Botanical Laboratory, Department of 
Systematic Botany (Prof. Dr. R. van der Wijk) are gratefully ac- 
knowledged too. 

Acanthocladium. Established bryological custom treats this name 
in the sense used by BrorueERus (1908 p. 1075). This excludes the two 
species from which the type ought to have been selected. The original 
publication of the name in Musci by Mirren, Trans. Proc. R. Soc. 
Victoria 19: 86. 1882 was valid by a reference to the illegitimate 
homonym Acanthodium Mitten, Journ. Linn. Soc. Bot. London 110: 182. 
1868 non Delile 1812. Therefore, the type-species ought to have been 
selected from Acanthodium papillatum Mitt. or A. rigidum Mitt. Brotherus 
included the last species in Trismegistia C. Muell. and the first species 
was afterwards made the type species of the new genus Acanthorrynchium 
Fleisch. (FLEISCHER 1923, p. 1206). For the bryological established 
custom conversation in the sense of Brotherus is indicated, with 
Acanthocladium extenuatum (Brid.) Broth. as the lectotype, taking into 
account the publication of the section Ew-Acanthocladium Fleisch. 
(Fleischer, 1923, p. 1331). Conservation will affect Acanthocladium 
F. v. Mueller, Fragm. Phytogr. Austr. 2: 155. 1860-61, based on 
A. dockeri F. v. Mueller and given as a synonym of Helichrysum Vaill. in 
the Index Kewensis. ‘The evaluation of a rejection of this name in the 
family Compositae can only be judged by phanerogamists and is not 
discussed here. 

Acrocryphaea. This name was firstly published in BRucH, SCHIMPER 
and GimBeEL, 1850, Bryologia Europaea 5: 35. (fasc. 44-45 Monogr. 
“Cryphaea”’ 2) as an invalid undescribed name. Three species were 
listed, including a new combination based on the Brasilian Grimmia 
julacea Hornschuch 1840 and an undescribed species Acrocryphaea 
javanica from Java. The next publication traced concerns Bryologia 
Javanica 2: 106. 1867, where vAN DEN Boscu and Lacoste definitely 
accepted Acrocryphaea ‘‘Hook., Bruch et Schimp.”’ as a separate genus. 
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A generic description was not provided; nevertheless it is advocated 
that they validated the name by an indirect reference to the description 
of Schoenobryum Doz. et Molk., Musci Frondosi Inediti Archipelagi 
Indici 1848. 183. The Code does not define the indirectness of a 
reference, but the examples state it should be perfectly unambiguous. 
This criterion is certainly fulfilled here by listing Schoenobryum as a 
synonym of the species Acrocryphaea concavifolia (Griff.) Bosch et Lac. 
If his view be unacceptable, the validation will date from Brotherus 
(1905, p. 178). The name nevertheless is illegitimate at the same 
time for the same reason, the reference to an earlier valid synonym. 
The type of Schoenobryum Doz. et Molk. was certainly included in 
Acrocryphaea by vy. d. Bosch and Lacoste, whether this be the Brasilian 
basionym of Schoenobryum julaceum (Hornsch.) Doz. et Molk., or the 
Javan specimens figured and certainly used by Dozy et Molkenboer 
in describing Schoenobryum. V. d. Bosch and Lacoste had no purpose 
of making a generic distinction between the Brasilian and Asiatic 
specimens and only used the genus in the same sense as had been 
done in the Bryologia Europaea. The treatment of v.d. Bosch and 
Lacoste has been followed by all authors treating Acrocryphaea as a 
genus separate from Cryphaea Mohr. Conservation is indicated in this 
case, as no single acceptance of Schoenobryum has been found during the 
preparations for the Index Muscorum. It will avoid the creation of 
about 30 new combinations. 

Aerobryidium Fleisch. in Brotherus (1906, p. 820). The close 
cooperation of Fleischer and Brotherus permits the use of “‘in’”’ here, 
for which definite proof is not known to the author. The formal choice 
of a lectotype has not been traced. Nevertheless it is clear from the 
original publication and Fleischer’s treatment in 1923 that the species 
were grouped around the species with the oldest basionym: Aerobryidium 
filamentosum (Hook.) Fleisch.; therefore, this species is proposed here 
as the lectotype. 

Aerobryopsis Fleisch. 1905, Hedwigia 44: 304. The formal choice 
of a lectotype has not been traced. From the original species included 
in this genus by Fleischer three only remain as independent species 
now: A. capensis (C. Muell.) Fleisch., A. longissima (Doz. et Molk.) 
Fleisch. and A. vztiana (Sull.) Fleisch. From these ones A. longisstma 
(Doz. et Molk.) Fleisch. was extensively studied by Fleischer and the 
only one figured. Therefore this species is formally proposed here as the 
lectotype. 

Amblystegiella Loesk. 1903, Moosfl. Harz. 295. A. sprucet (Bruch) 
Loesk. was chosen as the lectotype by Grout, 1932, Moss Fl. N. 
America 3: 142. The same species was named Platydictya sprucei (Bruch) 
Berkeley, 1863, Handb. Brit. Moss. 145 validly. The generic name 
Amblystegiella, therefore, is illegitimate. With a few exceptions all later 
authors treating the group as a separate genus used Amblystegiella. The 
exceptions did not concern Platydictya Berkeley, but the earlier sub- 
genus Serpo-Leskea, raised to generic rank by Lorske, 1905, Verh. Bot. 
Ver. Brandenburg 46: 190. (‘1904’) erroneously counting priority 
from publication in another rank. No adoption of Platydictya Berkeley 


274 Ww. D. MARGADANT 


had been traced. Since the name Amblystegiella has been in use from 
1903, compared with Platydictya Berkeley, conservation is proposed 
with kind permission of Prof. Dr. P. W. Richards (Bangor, Great 
Britain) who originally suggested the proposal. 

Anacalypta Rochling ex Leman, 1816, Dict. Se. Nat. 2; Suppl.38: 
This name, revalidated earlier than Pottia, is based on a different type 
species. The present established custom is definitely uniting Anacalypta 
and Pottia taxonomically. Conservation of Pottia is necessary to correct 
this undesirable result of reversed priority by the change of the 
starting-point. See the discussion under Pottia. ; 

Apodanthus La Pyl., Journ. de Bot. (Desvaux) 4(2) :0.73.1814. This 
genus contained one species, Apodanthus aphyllus La.Pyl., l.c. t. 33 £1, 
found among Splachnum. The figure given suggests some fungus; the 
dimensions are too small for any Splachnum or Buxbaumia species; 
Ephemerum species are out of question too for the absence of leaves. 
Perhaps an Ascomycete resembling Cyathicula coronata (Bull.) De Not. 
was concerned, but it is certainly not a moss in my opinion. If indeed 
belonging to fungi, the name will be invalid in this group, being 
published before the starting-point. The genus should be excluded 
from the Bryophyta. 

Astomum Hamp. 1837, Flora 20: 285. To fix the historical usage 
of this generic name Astomum crispum (Hedw.) Hamp. is proposed as 
the lectotype. However, Hampe’s circumscription must be discussed. 
He included A. alternifolium (Hedw.) Hamp. in the genus, based on 
Phascum alternifolium Hedw. 1801. As pointed out under Pleuridium, this 
was the main element of Bridel’s genus at the original publication and 
afterwards appeared to be based on specimens belonging to Archidium 
Brid. Pleuridium is proposed for conservation from a later date (1848). 
Acceptance of this proposal will remove any doubt on the legitimacy 
of the name Astomum Hamp. 

Calyptrochaeta Desvaux, 1825, Mem. Soc. Linn. Paris 3: 226. 
This name is valid by the reference to the illegitimate name Chaetephora 
Brid., 1819 Mant. Musc. 148. (spelled Chaetophora on pag. XVII), 
non Schrank, 1789, Baierische Fl. 1: 197. (Algae). Therefore, the type 
is automatically Calyptrochaeta cristata (Hedw.) Desvaux. This results in 
the genus being homotypic with Eriopus Brid., Bryol. Univ. 2: 788. 
1827. In this page of the index of Bridel’s last work the name is treated 
as an independent genus, with a reference to a subdivision Eriopus of 
Chaetephora Brid. on p. 339. This subdivision, however, is illegitimate 
as the type species of the genus is included. Eniopus is universally 
accepted and Calyptrochaeta is completely neglected. Conservation of 
Enopus Brid. is proposed to legalise this custom for a characteristic 
genus of tropical mosses and to avoid more than 30 possible new 
combinations. 

Dolichotheca Lindb., 1874, Notis. Sallsk. Faun. Fl. Fenn. 13: 417. 
is a genus of Plagiotheciaceae based on D. repens Lindb. with the basionym 
Hypnum repens Poll. 1777, now invalid as pre-Hedwigian and validated 
by Lam. et De Cand., 1805, Fl. Frang. 2: 537. From the useful Index 
Nominum Genericorum I learned an earlier homonym published by 
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D. Cassint, Dict. Sc. Nat. 51: 476. 1827 (Compositae). The group of 
mosses concerned is rather small; taxonomically a number of bryolo- 
gists do not recognise a separate genus, treating the species either as 
belonging to Plagiothecium or to ILsopterygium Brid. Therefore, strong 
argument for conservation is lacking. Agreeing with Dr. J. J. Barkman 
(Wister, Dr., Netherlands) in placing the European species in 
Isopterygium, 1 am obliged to use the combination Isopterygium seligeri 
(Brid.) Dix. in C. Jens., based on Leskea seligeri Brid. 1801, Musc. 
Rec. 2 (2):47, necessitated by the new opinion on the arbitrarily 
fixed date of Hepwic, Species Muscorum 1801, altered from 31 Dec. 
1801 to an earlier date. 

Eriopus. Brid. The proposed conservation is discussed under 
Calyptrochaeta Desvaux. 

Lamprophyllum. This name has been published for two different 
genera of Musci, both illegitimate because an earlier homonym exists: 
Lamprophyllum Miers, 1854, Proc. Linn. Soc. 2: 338. (Guttiferae). 
Lamprophyllum Lindb., 1871, Act. Soc. Sc. Fenn. 10: 75 falls within 
the modern concept of Pohlia Hedw. 1801 and can be discarded. 
Lamprophyllum Schimp. 1856, Coroll. was published for Hookeria 
splendidissma Mont. 1835, Ann. Sc. Nat. Bot. ser. 2, 4: 97 without 
valid description. The name was validated by BRorHERus (1907, p. 
964). Schimperobryum Marg. nom. nov. is proposed here for this 
genus in Hookeriaceae. The typonym is Lamprophyllum Schimp. ex Broth., 
in Engl. et Prantl, Nat. Pflanzenfam. 1 (3): 964. 1907. The type 
species is Schimperobryum splendidissimum (Mont.) Marg. nom. nov., based 
on Hookeria splendidissima Mont., Ann. Sc. Nat. Bot. ser. 2, 4: 97. 1835. 

Macrohymenium C. Muell. This name is proposed for conser- 
vation as an unfortunate consequence of the ‘‘Pseudotsuga mertenstana 
rule’. The name was published validly by C. Muetr., 1847, Bot. 
Zeit. 5: 325. 1847 with only one species recognized, Macrohymenium 
rufum (Reinw. et Hornsch.) C. Muell. This species, therefore, auto- 
matically is the type species. It is immaterial in this respect that Leskea 
acidodon Mont. 1845 was included as a synonym. 

Fleischer transferred the basionym of this type species to another 
genus of the same family Sematophyllaceae after studying ‘““Originale” 
in the Berlin Herbarium. This transfer, Acroporium rufum (Reinw. et 
Hornsch.) Fleisch. (1923, p. 1672), though not treated by Fleischer 
as affecting Acroporium Mitt., 1868, Journ. Linn. Soc. Bot. London 10: 
182, does threaten the nomenclatural standing of this name. Never- 
theless, this is not in line with the descriptions of C. Mueller and 
Fleischer of Macrohymenium, nor with established custom. This 
undesirable possibility should be discarded by the conservation of 
Macrohymenium C. Muell. in Doz. et Molk., 1848, Musci Frond. Inediti 
Archip. Indici 6: 165. where the combination Macrohymenium acidodon 
(Mont.) Doz. et Molk. is published, which can be proposed as the 
lectotype of the name proposed for conservation. 

Pleuridium. The name of this genus has been published by 
BriDEL, 1819, Mant. Musc. 10. Two species were included: P. alterni- 
folium (Hedw.) Brid., based on Phascum alternifolium Hedw. 1801, and 
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P. globiferum Brid. The type of the first species, the specimens found 
described and figured by Dickson, Crypt. Brit. fase; Ladle 7Gn 
have been considered an Archidium species or equivalent to it by all 
British autors as far as I am aware and explicitly by MiTTEN, publishing 
the combination Archidium alternifolium (Hedw.) Mitt. 1851, Ann. Mag. 
Nat. Hist. ser. 2, 3: 30. followed by ScutmpPER in 1860. It has been 
suggested by Brucu, 1825, Flora 8: 981 that the second species from 
Réunion is an Archidium too, but proof of this is unknown to me as is 
another identification. From Bridel’s habitat notes it may be concluded 
that specimens were scarce. The type material most probably is 
destroyed. The genus has been emended by RaBenHorst by including 
Pleuridium subulatum (Hedw.) Rabenh., Deutschl. Krypt. Fl. 243) 279. 
1848, based on Phascum subulatum Hedw. 1801, since continuously 
treated as an species of Pleuridium. The name from this author is 
proposed for conservation, chosing the Pleuridium subulatum as a lecto- 
type for this purpose. This proposal has the advantage of unambigu- 
ously fixing the established custom of three generic names in Musci: 
Astomum Hamp., Archidium Brid. and Pleuridium Brid. 

Pottia Ehrh. is invalidated by the change of the starting point for 
Musci from 1753 to 1801. The name was accepted afterwards by 
Fuernrour, 1829, Flora 12 (2) Erganzungsbl. p. 10. Pottia truncata 
(Hedw.) Nees et Hornsch. was selected as the type-species by WaARE- 
HAM in Grout, 1939, Moss Fl. N. America 1: 197. The genus is uni- 
versally accepted in this sence. Nevertheless the earlier validation of 
Anacalypia Roehl. ex Leman 1816 has priority since the change of the 
starting point when the two species are united as is the established 
custom now. Therefore Pottia Fuernr. is proposed for conservation. 


SUMMARY 


The argumentation is given for the conservation of the generic names in Musci: 
Acanthocladium Broth., Acrocryphaea B.S.G., Amblystegiella Loesk., Eriopus Brid., 
Macrohymenium C. Muell., Pleuridium Rabenh., Pottia Fuernr. The new generic name 
in Hookeriaceae: Schimperobryum Marg. is proposed, based on Lamprophyllum Schimp. 
ex Broth. A new specific combination is proposed: Schimperobryum splendidissimum 
(Mont.) Marg., based on Hookeria splendidissima Mont. 1835. 
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INTRODUCTION 


The forest reserve on the twin volcanoes Mt Gede and Mt Pange- 
rango, West Java, above the botanical garden Tjibodas, ranging from 
1400-2900 m and comprising 1200 hectares, is a classical spot of 
botanical investigations. During more than a century these mountains 
have been visited by botanists, visitors as well as members of the staff 
of the Botanical Gardens at Bogor. REINWARDT, BLUME, KorTHALS, 
JUNGHUHN, ZOLLINGER and TEYsMANN made here investigations on the 
flora of Java during the first half of the nineteenth century. A more 
intensive study of the flora and the biology of plants and animals of 
this nature reserve started during the time of TREuB, who opened in 
1891 a guest house and a laboratory. 

The forest between ‘Tjibodas and the waterfalls of Tjibeureum was 
declared to be a nature reserve (see DocTERs VAN LEEUWEN 1929). This 
was extended in 1926 to its present boundaries up to the summits of 
Gede and Pangerango which were especially studied by DocTERs vAN 
LEEUWEN (1933). The reserve should be an entirely untouched forest 
where no felling of trees should be allowed. 

F. W. Went (1945) called this forest a naturalist’s paradise, “‘one 
of the best protected, best known and richest mountain forests of the 
tropics”, and he wrote further about it: “A biologist’s first impression 
is bewilderment. The forest seems a complete chaos. It takes a rather 
long and intimate association with a particular forest before the 
biologist starts to see some order in the arrangement of trees, shrubs, 
herbs, and epiphytes: then more general rules begin to emerge’’. 

Tjibodas is thus an ideal place for ecological studies. For a botanical 
bibliography about Tjibodas see VAN STEeENis and VAN STEENIS— 
KrusEMAN (1953). 


METHOD OF WORK 

The present author paid during his stay at Bogor 1952-1954 many 
visits to the biological station and nature reserve of Tjibodas with the 
aim to get such an intimate knowledge of the flora of this nature 
reserve that plantsociological studies could be started. 

New collections for the local herbarium, which was destroyed during 
the war, could be made with the help of the very able plantcollectors 
Noerta, Hassan and Attinc. Koorpers’ Flora of Tjibodas with some 
unpublished additions by VAN SreEnis (in the library of Herb. Bogor- 
iense) and Backer’s Beknopte Flora van Java (emergency edition) 
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made it rather easy to name all collections to the species, and training 
in the field enabled me to recognize many trees from characters of 
bark and wood. 

A new checklist of the flora (unpublished, copies in Herb. Bogoriense 
and archives of Flora Malesiana) showed the richness of this flora, 
comprising more than 900 species of phanerogams of which about 
870 species are definitely native. 

A method of a quadrate survey of one hectare as described by 
Ricuarps (1952) was used during the first half of 1955 on Mt Sago 
near Pajakumbuh, W. Sumatra in a montane forest between 1000— 
1200 m altitude. During August of that year it appeared useful to 
compare this montane forest which was perhaps not quite undisturbed 
with analogous but untouched forest in West Java. No better place 
than the Tjibodas forest could be chosen for that. 

In companion with Mr M. Jacogs and the mantris NorrTa and 
Hassan we selected a sample plot, a quadrate of one hectare between 
the forest pathes ““Djalan Batu gonggang”’ and “‘Djalan Pasarian”’ at 
some minutes walking from the mountain garden, at about 1450-1500 
m altitude, a flat almost horizontal homogenous part of forest situated 
between two ravines. Only a part of the plot along the western margin 
is gently sloping, but influence of this could only be noted in the compo- 
sition of the groundlayers of herbs where we noticed some species 
which seemed to be absent in other parts of the quadrate. The sample 
plot is almost undisturbed by human influence. Only in the south-east 
corner a gap occurs, about 15 x 30 m wide where a big tree had been 
blown down in a storm and:after sawing had been carried out of the 
forest. The lower vegetation in this gap will be described separately. 
The corners of the quadrate are permanently indicated with iron plates. 

The whole investigation of one hectare took six days. First we made 
a quantitative survey of the tree flora noting the name and diameter 
class of every tree with diameter above 10 cm after making a slash into 
the bark. The sample plot was investigated walking in four stretches 
and with each stretch a new list was made. After that we investigated 
in two corners of the sample quadrate two samples of 10 by 10 m in 
order to analyze the shrub layers, the herb layer and the trees under 
10 cm diameter. 

Finally the whole quadrate was searched for other species of herbs 
shrubs, and young trees. Epiphytes were left out of consideration 
because they were already investigated by Went (1940). The number 
of their species may be estimated at about 100 (phanerogams and 
ferns). By collecting from Went’s data those referring to epiphytes on 
tree species growing in this part of forest we get a detailed picture of 


the epiphytic flora. The results of our survey a . 
tables I to XI. y are represented in 


DIscUussION OF THE RESULTS 


With this survey at hand we may discuss several aspects of the 
sociology of this type of forest. In the first place we may focus our 
attention to the total richness with species. Do we get with such a 
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TABLE I 
The distribution of trees in the diameter classes: 


¢ \ no II Ill IV V Vive eV Vil lee xe 
diam. Glass Giam. 10-20 em” 21-30 31-40 41-50 51-60 61-70 71-80 81 
number of trees. . . 121 44 39 | 16 20 20 3 


TABLE II 
Local aggregates of trees 


Last el 2 3 4 total 

Total trees numbered: 61 47 100 80 288 
Villebrunnea rubescens . 3 3) Oy, — 
Saurauia pendula 6 2 MG 5 
Antidesma tetrandrum — 1 — 8 
Viburnum sambucinum . — — — a 
Macropanax dispersum . 2 1 — 8 
Ehretia javanica . _ 2 2 = 

TABLE I 
The tree number/tree species relation (see also Fig. 1). 

ise Ul 2 3 4 total 

Total trees numbered in each list. . 61 47 100 80 288 

Number of species in first list. . . . 29 929 

Number of species added -with 14 43 

frie ete STING eee be coe a 6 49 

10 59 


survey a representative picture of this kind of forest? Which part of 
the total inventory of the montane forest at this height of the mountain 
is represented in this survey? Then we may try to get a picture of the 
structure, the complexity of the forest and the regeneration. 


TOTAL INVENTORY OF SPECIES 


The area under investigation contains totally about 333 species of 
phanerogams and ferns. Among these are 78 species of trees, 40 species 
of shrubs, 30 of climbers, 10 of creepers, about 100 of epiphytes, and 
73 of soil herbs, that is one third of the whole flora of the nature 
reserve which, according to our records, amounts to about 870 phanero- 
gams and about 150 ferns and fern allies. Only 59 species of trees reach 
a diameter of 10 cm or more at breastheight. Thirteen species of trees 
able to reach diameters greater than 10 cm were only found as young 
trees, while six species never reach a diameter of 10 cm (Table V). 

Some of these, like species of Dysoxylum, are more frequent in parts 
of the forest at lower altitude on the mountain. Dysoxylum rarely occurs 
higher than 1500 m altitude. Podocarpus imbricata does not play a great 
role in the forest near the garden, this tree being more numerous 
higher up the mountain. Species which “escaped” our survey and 
which occur in the same type of forest are nine in number: Acronodia 
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TABLE IV 
Number of trees in the diameter classes 


class Il ing total 
diameter cm 10-20 21230 


ee UEUE UII UEUnIEInEIE SESE 


Saurauia reinwardtiana . 
Eugenia laxiflora . 
Itea maxeophylla. 
Elaeocarpus pierrei . 
‘Tarenna spec. . . 
Antidesma tetrandum . 
Laportea stimulans . 
Cestrum aurantiacum . 
Viburnum lutescens. 
Polyosma cf. integerrimum. 
Wendlandia glabrata . 
Acer niveum. ; 
Villebrunnea rubescens ‘ 
Glochidion cyrtostylum . 
Acronychia laurifolia . 
Ficus ribes. 
Symplocos costata 
Flacourtia rukam. 
Neolitsea cassiaefolia 
Pygeum latifolium 
Saurauia bracteosa . 

- blumeana . 
Eurya cf. glabra . aa 
‘Al waromnewies joxerembierrs, 5 5 5 6 6 oo 2 
Viburnum sambucinum. .... . 4 
Lindera polyantha . 


iS) 
— = SJ] NNNNKR KE HEWONKHWhh 


iS) 
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TABEL IV (continuation) 
Number of trees in the diameter classes 


class II Ill IV V total 
diameter cm 10-20 21-30 31-40 41-50 


Crime jxsaluils., 5 5 5 6 o 78) 6 
Eugenia densiflora 

5 clavimyrtus ST ictus 
Symplocos fasciculata. . . . 1 
Phoebe spec. . a 
Casearia coriacea . 
Ficus alba . des 
Neonauclea obtusa . oer 
@stodesspaniculatamy ar ase ) 
WENMOHNS, DOR. 5 o uo o « 1 
Macropanax dispersum . . . 8 
Litsea mappacea . , 
Mischocarpus frutescens . 
Quercus (coll. 28) mae 
ILM, ESAS, 5 2 5 6 8 @ 6 1 
Helicia javanica ut Rbk 
hugeniasoperculatala aan 1 


oO 
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TABLE Iv (continuation ) 
Number of trees in the diameter classes 


class Il IBMT TINY V Vile Ue Ve ex<Seecotall 
diameter cm 10-20 21-30 31-40 41-50 51-60 61-70 71-80 81-130 


Pygeum parvifolium .. . 1 
Eugenia tenuicuspis .. . 1 1 
Quercus teysmanniana 
icus vanlesatal 2 2. - l 
Quercus pseudomolucca. 
@astaneayarcentea = a. 5 
javanica ease n= 1 
3 tunggurut 
@vercusmnG uta wen ] i 1 
Ilex pleiobrachiata. .. . 1 
Manglietia glauca... . ] 
hretayjavanicases 0) 0. 3 l 
Machilus mimosa... 2 3 
Schima wallichi. . .. . ] 
Aiicinei21exGel Sam eens eee ] 
Engelhardtia spicata . 
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punctata, Litsea angulata, Litsea mappacea, Litsea noronhae, Glochidion 
macrocarpon, Neolitsea javanica, Sloanea zigun, Toona surent and Ficus 
involucrata. The three last mentioned species are rare at 1500 m as they 
reach their upper limit about this altitude. This makes a total list of 
about 87 species of trees in the forest between 1400 and 1500 m 
altitude. The bulk of this flora is thus represented within a sample plot 
of one hectare. The sample may serve as a qualitative one, fairly 
representative for the forest at this altitude (fig. 1 and ‘Table II). 
If we take into consideration that Koorpers’ flora of 1914 contained 
165 species of trees (among 575 phanerogams) and the total number 
of trees represented in our checklist of Tjibodas is about 172 (among 
about 870 of native not introduced phanerogams) we may assume 
that about half of the tree flora of the Mount Gede is represented in 
our survey. 

Along the road to Air Panas (2000 m) the forest changes gradually 
in composition. Schima becomes more abundant. Altingia disappears 
at about 1700 m. Several species occur above 2000 m altitude which 
are absent at lower levels: Quercus pallida, Castanea (Castanopsis) 
acuminatissima, Polyosma ilicifolia, Weinmannia blumei, Rapanea avenis, 
Elaeocarpus acronodia, Leptospermum flavescens, Eurya acuminata, Podocarpus 
neritfolia, Podocarpus amara, Acer niveum, Albizzia lophantha and higher 
up several arboreus species of Vaccinium (DocTERs VAN LEEUWEN 1933, 


MeEyeER 1954). 


HoMOGENITY OF THE SAMPLE PLOT 

Van STEENIS (1958) pointed to spot-wise regeneration in rainforest 
as was earlier described by Kramer (1926) in a study of natural 
regeneration of montane forest in W. Java. The result of regeneration 
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in large gaps in the forest should be a group or aggregate of individuals 
of one species by mere chance regeneration thus causing “‘local” 
dominance. Though this phenomenon may occur I think that it is 
rather overestimated and means no objection to apply “‘temperate”’ 
methods of analysis to tropical vegetation types as VAN STEENIS 
suggested. 


Number of species 
80 
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Within our sample plot some low storey trees showed gregarious 
occurrence. Theoretically it may be possible that such aggregates 
among the high storey trees escape surveys of only | hectare. That 
remains a point for future investigations. 

Table II gives an impression how in certain stretches of forest within 
one hectare some species of trees were more frequent than others. 
We noted that Macropanax dispersum occurred especially in the south- 
west part of the quadrate and Ehretia javanica in the eastern part 
Villebrunnea rubescens was the most frequent in the centre as well as 
Saurauia pendula. Viburnum sambucinum occurred in the western part 
Among these species only Hhretia belongs to the higher storey trees. 
Young trees of this species were not noted within the quadrate The 
other species are all lower storey trees. The same phenomenon of local 
gatherings was noted in the forest on Mt Sago and on Mt Kerinchi 
Chance factors and the way of distribution of the species may pla a 
part in this and local gaps always occur here and there in the eat 
after storms have blown down old heavy trees. 


The average species composition is not so much affected by this 
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TABLE V 
Treelets of diameter below 10 cm, occurring among the shrub layers. 


A. ‘Treelets belonging to the lowest diam. class (0-10 cm) 


Talauma candolleana Allophyllus cobbe 
Orophea hexandra Polyalthia 
Glochidion rubrum Pithecellobium montanum 


B. Young trees of species which are outside the quadrate represented in the higher 

classes: 

Hypobathrum 

Litsea tomentosa 

Pyrenaria serrata 

Decaspermum fruticosum 

Dysoxylum excelsum Alangium rotundifolium 
$5 nutans Macaranga rhizinoides 
o alliaceum (in forest gap) 


i 


Cryptocarya tomentosa 
Podocarpus imbricata 
Endiandra javanica 
Michelia montana 


TABLE VI 
The frequency of the tree species, demonstrated by the number of species represented 


by 1, 2-5, ... individuals. 
number of individuals 
cr ea a a a a a es 
l 2-5 6-10 11-20 21-30 31-40 
number of species 23 26 4 4 3 1 


i 


‘TABLE VII 
The shrub layer 

pees me eee SS SSE ss 
A.  Treeferns, palms, bamboos and bananas 

Cyathea latebrosa 

9 cf. junghuhniana 
Gigantochloa apus 
Musa acuminata 


Pandanus furcatus 
Pinanga cf. javanica 
ES kuhlii 


B. Real shrubs 


Ardisia fuliginosa 
> vestita 
Brassaiopsis glomerulata 
Breynia laevigata 
Claoxylon glabrifolium 
Clerodendron disparifolium 
Dichroa febrifuga 
Evonymus javanica 
Ficus cuspidata 
, cf. laevis 
;, montana 
ae pistiera 
= cis tricolor 
Lasianthus bracteolatus 
Pe glaber 
as purpureus 


pS cf. stercorarius 


Leea indica 
Maoutia diversifolia 
Melastoma setigerum 
Mussaenda frondosa 
Mycetia lateriflora 
Olea javanica 
Piper nigrescens 
Psychotria divergens 
Rapania spec 
Rubus elongatus 
fraxinifolius 

;, moluccanus 
Saprosma dichotomum 
Schefflera rigida 
Trevesia sundaica 
Urophyllum corymbosum 


29 


Most prominent: members of Araliaceae, Rubiaceae, Ardisia and Rubus. 
Total number: 40. 


Two species (Ficus pisifera an 
(F. laevis) as a climber. 


d Schefflera rigida) occur also as strangler and one 
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phenomenon in case we make our samplings at least 1 ha, or about 
1,5 ha as suggested by RicHarps (1952). 


THE COMPLEXITY OF THE FOREST 

This is illustrated by the high number of species in comparison with 
the number of their individuals, the frequency of the species, the number 
of different life forms sometimes even within one genus, for example 
in the genus Ficus, and by the stratification of the forest. Among 
285 trees with diameters above 10 cm, 59 species occur. 

Table IV gives an impression of the frequency of trees in different 
layers. 

One species, Villebrunnea rubescens, is with 33 trees (11 %) the most 
frequent tree in this forest. It is a low storey tree, with diameters 
below 20 cm and according to BAas Becxinc (1948) never higher 
than 20 m. 


TABLE VIII 

Woody climbers 
Calamus spec Plectocomia elongata 
Celastrus hindsii Psychotria sarmentosa 
Daemonorops spec. Sageratia ramosa 
Dissochaeta bibracteatum Tetrastigma dichotomum 
Elaeagnus latifolia os cf. glabratum 
Embelia coriacea 53 papillosa 

a ribes ‘Toddalia asiatica 

5 viridifolia Tournefortia tetrandra 
(Ficus laevis) *) Uncaria spec. 
Kadsura scandens Urceolaria javanica 


Luvunga eleutherandra 
1) Species already mentioned in other life-form class. 


TABLE IX 
Non-woody climbers 
Cissus vitigenea Smilax celebica 
Clematis leschenaultii »> | Macrocarpa 
Melodinus spec. Stephania capitata 
Passiflora spec. ‘Trichosanthes palmata 
Rubia cordifolia 
Stranglers 
Fagraea obvata SchefHlera rigida *) 
Ficus pisifera 1) 
Woody creepers 
Conocephalus suaveolens Piper spec 
Ficus disticha Randia corymbosa 
Piper baccata 
Non-woody creepers 
Agalmyla parasitica Rhaphidophora silvestris 
Ficus spec. Scindapsus hederaceus 


Freycinetia insignis 
Hemi-parasite 
Scurrula korthalsii 


1) Already mentioned in the shrublayer. 
eee 
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TABLE X 


The herb layer 


A. Ferns (det. teste Prof. Dr. R. E. Hottrum) 


Angiopteris evecta 
Asplenium belangeri 
# cf. caudatum 
5 robustum 
Athyrium boryanum 
Cyclosorus callosus 
5 heterocarpus 
x megaphyllus 
Diplazium bantamense 
ad pallidum 


B. High herb layer 


Amomum coccineum 

3 hochreuteneri 
Blumea balsamifera 
Coleus galeatus 


C. Lower herb layer 


Achyranthus spec. 
Anotis hirsuta 
Argostemma montana 
Begonia robusta 
Carex baccans 

> cf. neoguinensis 
Commelina cf. obliqua 
Corymborchis veratrifolia 
Curculigo spec. 
Cyrtandra arborescens 


oa cuneata 
a picta 
sandei 


33 
Cystorchis aphylla 
Desmodium scalpe 

os spec. 
Dianella montana 
Disporum chinense 
Elatostema cuneatum 

ee macrophyllum 


D. Herbs noted only in forest gap 


Adenostemma macrophyllum 
Eupatorium pallescens 
Gynura crepidioides 


Dominance in the herb layer 


Diplazium repandum 

59 spec. 
Dryopteris hirtipes 
Lindsaya spec. 
Marattia sambucina 
Microlepia spec. 
Nephrolepis acuminata 
Polypodium persicifolium 
Pteris spec. 
Selaginella cf. opaca 


Lycianthus laevis 
Polygala venenosa 
Strobilanthes cernuus 
Zingiber odoriferum 


Elatostema sesquifolium 
Eupatorium riparium 
Forrestia glabrata 
Impatiens platypetala 
Medinilla cf. verrucosa 
Ophiopogon caulescens 
Ophiorrhiza cf. sanguinea 
Oplismenus compositus 
Paraphlomis oblongifolia 
Peperomia laevifolia 
Peristrophe bivalvis 
Pilea angulata 
Polygonum chinense 
Pratia nummularoides 
Procris frutescens 
Sanicula europaea 
Schismatoglottis spec. 
Scleria spec. 

Tropidia curculigoides 


Gynura sarmentosa 
Pilea smilacifolia 
Solanum ferox 


The dominant species in the higher herb layer is Strobilanthes cernuus (locally) 
while Coleus galeatus is rather frequent. Abundant in the lower herb layer are: 
Cyrtandra picta, C. arborescens, species of Cyclosorus and Elatostema sesquifolium. 


The next frequent species are Saurauia pendula with 30 trees (max. 
height 20 m), Castanea argentea 25 trees (max. height 45,5 m), and 
Altingia excelsa 26 trees (max. height 60 m). Less frequent (between 
11-20 individuals) are Macropanax dispersum (11 trees, max. height 
33 m), Ostodes paniculatum (11 trees, most common In the lower storeys), 
Machilus rimosa (11 trees, max. height 31,5—40 m), and Schima wallichi 
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(11 ex., max height 43,5 m). In the frequency class of 6-10 occur in 
the lower storeys: Antidesma tetrandrum (9 trees), Ficus ribes (9 trees), 
and, in the medium storeys Castanea tunggurut (6 trees, max. height 43 m) 
and Castanea javanica (7 trees, max. height 58 m). 

Fifteen species of trees occur in the diameter classes below 41 cm. 
They would not be taken into consideration by the sampling methods 
of the indonesian forest service in which only trees with diameters 
above 40 cm are included. 

It is quite logical that stratification of the forest goes generally 
parallel with the diameter classes but every forester knows that each 
tree species has its own mode of growth and that we are not allowed 
to assume that two trees of different species with the same diameter 
possess the same height. From the measurements made by Baas 
Beckinc (1948) it appears that for-example Machilus rimosa and 
Engelhardtia spicata, trees with maximal diameters between 70-90 cm, 
are generally shorter than trees of Altingia excelsa of the same diameter 
while at the other side trees like Ilex pletobrachiata, Acronychia laurtfolia 
and Felicia serrata possess a relative small diameter with a great height. 
We may thus distinguish ‘plump’ and ‘tall’ trees. 

Altingia is the highest tree in this forest, the highest measuring 
according to Baas BEcxinc (1948) 62 m. It is an emergent tree. 
(Fig. 2). Next comes Castanea javanica (58 m). Below this reach till about 
45 m the rather frequent Castanea argentea and Schima wallichit and the 
less frequent Quercus induta, Quercus pseudomoluccana and the here rather 
rare Engelhardtia spicata. 

Below this we meet between 20-40 m rather sparingly Macropanax 
dispersum and Ostodes paniculata and less frequently species of Eugenia, 
Symplocos, Lauraceae, Ficus ribes, Ficus alba, Flacourtia rukam, Casearia, 
Vernonia arborea, and very sparingly several other species. 

These trees are generally low enough to name them with Field glasses 
on characters of leaves and phyllotaxy or to climb them in case of 
doubt. The higher trees have to be known by their bark and slash 
characters, species of the genus Quercus with its fissures of bark rays 
on its cambium, Castanea with a violet flush on its freshly cut cambium, 
Schima with a reddish inner bark with white needle-like fibers and a 


TABLE XI 


Total species in the life fornt classes 
eee 
number of species 


LLEES [ee Adee ey Rees 78 
shrubs 9 daar see a nee A. Be 40 
weer; lluaal fers 5 5 6 8 20 
non-woody climbers ... . 10 
S Gran) e.s ean r e 1 
CLCCDETS ae ent es teen ek arn D 10 
Semu-patasitesm esse Rinne 1 
soiliherbs) iter ih he Ws 
epiphytes (Went 1940) ca. . 100 

total 333 


es 
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max. height in meters 
~ No WNW aN OH 0) OF 


S S S S 3 o_ 
Se SST TS SS |S Se a al 
é Frequency 
eer Secrecy VO /PLCQ) SUITE AMS 
: [| 
Bona os -reh Aon anchnnennssartnaeoatacenmctacarc=nicee Villebrunnea rubescens ei 
& 
co sn Ss 
SSS ia Oa nec ES er Turpinia pomifera a 
= : AS 
mms 9911/91/29 /10/1/a bi 
is} 
Macropanax adispersum —s 
: S 
Machilus rimosa S 
sor) 
SSS SS SSS SS SS SS SSS SSeS SS SS SS SS SS Quercus tunggurut S 
Schima wallichit 


Sas ee Ee Le Ne ere ag seh aan ied ionbies conedensitncs Gasca Aetanideedcintenave Quercus induta 


Eee Sees — Castanea javanica 


en 
Fig. 2. 


very rough fissured outer bark, Altingia with rather smooth scale-like 
bark and a distinct smell. | 

In forest gaps we get an impression of the stratification. In the gap 
in our quadrate as seen from the East we note in the foreground some 
treelets of Villebrunnea, Saurauia pendula, Symplocos fasciculata and Ostodes 
paniculata together with a young Quercus. Rising above this lowest 
storey we note a single tree of Pygeum parvifolium only once noticed in 
the whole quadrate and one of Ehretia of which only four occur in our 
hectare. Higher up in the centre we see the rather ragged crown of 
an old Quercus induta, a tree which may reach heights of 44 m, over- 
grown with the woody climbers Embelia ribes, Randia corymbosa and a 
species of Tetrastigma. In the background we see high trees of Castanea 
argentea. Emerging above this forest are several pillars of Altngia 
excelsa. 

Fig. 2 gives an impression of the relative height of the trees and 


their frequency. 


REJUVENATION OF THE FOREST 

Our analysis gives the impression that almost all tree species noted 
in our survey are still rejuvenating themselves (see Table IV). Helped 
by the keen eyes of our local tree namers it was possible to find young 
plants of practically every tree species in the herb and shrub layer. 
A superficial first investigation of this forest would suggest that several 
trees occur only at the adult stage but after a thorough investigation 
we find very dispersed seedlings and young trees. Not a single species 
however has been noted with abundant seedlings. Our detailed surveys 
gave the following lists of young trees: 


88 


2) 


5 


Altingia excelsa in the Tribolas Fosen 


(1450 m. altitude). 
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Plot 1 
Litsea mappacea . . 0.5m height Quercus spec. eas neleiat 
Castanea javanica <, 0.5 a i Pyrenaria serrata . Sleds o 
W endlandia lalratamemem ons Bs Symplocos fasciculata . See. An 
Olea javanica Ll tee. Be Quercus induta cure Ae A 
Ficus cuspidata Lao) Se a Glochidion cyrtostylum . 2. ,, 34 
Litsea tomentosa . ee - Viburnum lutescens er ‘3 
Castanea argentea oe eel e Ficus pisifera : ae 55 
Turpinia pomifera . Yh a 
Plot 2 
Symplocos costata . 2 mbheight  Pyrenaria serrata. 1 m height 
Mischocarpus SNe Sr = Saurauia pendula By Amal a 
Villebrunnea ae = Ficus cuspidata ais on 
Eugenia densiflora Oe. 55 Castanea tunggurut. ole ee ee 
Macropanax dispersum . 2 ,, ee Vernonia arborea ee te = 


Outside these 10 x 10 m sample plots the following young trees were noted: 


Altingia excelsa [een ber hteebleliciayserrataye pee lena beight 
$: An peice (0.0345 ae Podocarpus imbricatus 0.05 ,, “3 

Scmmaswallicnim see pa Ula 55 Ps Glochidion rubrum. . 2 i 

Casearia coriacea . 1 Su eae Dysoxylum alliaceum. 2 ae 


From the studies made by KRAMER (1926) on the forest rejuvenation 
of Mt. Gede outside the nature reserve we may conclude that seedlings 
and young trees develop much more numerously when gaps occur in 
the forest. Moreover species of Strobilanthus, Kingtberaceae, Cyrtandra and 
Elatostema get a better chance to form dense vegetations. When these 
gaps become big, however, tree species typical for secondary forests 
become dominant. The only distinct example of such a tree in our 
sample is Macaranga rhizinoides in the above mentioned forest gap. 
The biggest changes after tree felling occur in the herb layers where 
species like Gynura crepidioides, G. sarmentosa, Eupatorium pallescens, 
Adenostemma macrophyllum and Blumea balsamifera become abundant 
(Table X). Such vegetations are possibly to be compared with 
“‘Hochstaudenflur” of temperate forest gaps. The occurrence of these 
species possibly depends not only on a change in the light factor but 
also on microbiological activities in the soil connected with greater 
humus decomposition. Concurrency for young trees seems to be 
difficult in cases where a dense ‘“‘secondary” herb layer is developed. 


AGE, DEGRADATION AND RENEWED SUCCESSION 


As a result of tree measuring executed by Koorpers (1914), 
BruccEMaAN (1927) and Baas Beckie (1948) extending over a period 
of 34 years, Baas Beckie (1948) estimates the maximum age of trees 
in the Tjibodas forest to be between 200-250 years, the mean average 
of the measured trees 130 years, the mortality 0,77—0,83 % in each 
year. The last figure is important in order to know how much “harvest” 
such a forest can stand without almost any change in composition 
when only fallen trees or quite dispersed very old trees are removed. 

When indiscriminate exploitation takes place the growth of the young 
tree generations is accelerated and accordingly the opportunity for a 
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greater harvest (KRAMER 1926); when the exploitation is carried out 
according to a wise policy of very dispersed tree felling the forest 
structure is left intact. 

In the case of a harvest whichis too big the rejuvenation is hampered 
and the quality of the forest decreases because its character is changing 
into the direction of secondary forest with many tree species with very 
soft wood. A detailed understanding of these processes are highly 
useful in forestry practice. A long experience with tree species and 
forest composition is necessary before a forester is able to handle the 
forest in the wisest way possible. 


ECOLOGICAL REMARKS 


The ecological character of the forest in this sample plot appears 
most clearly from a study of the spectrum of the life forms (Table XI). 
This montane forest has a cool wet climate with average temperature 
17.7° G (extremes 12-27° C), rainfall 3400 mm, relative humidity 
80-90 %/ 1) and a maximal dry period of three weeks (WENT 1940). 
This climate is reflected by the rich development of epiphytes, the 
relative poorness of woody climbers and the rich vegetation of soil 
herbs. Lowland rain forests are known for their poor terrestrial flora 
and the lack of a well developed humus layer (Mour and vAN BAREN 
1954), epiphytes are generally also less luxuriently represented in the 
lowlands, except near rivers. The soil in our sample plot is formed by 
the deposits of the volcano, Mt. Gede. A soil profile showed us that 
the layers which are rich in humus reach a depth of about 20-30 cm 
and that the hard rocks lay,at about 70-80 cm below the surface. 

Several soil herbs like members of the genera Cyrtandra, Elatostema, 
Begonia and Strobilanthes (sensu lato) which are rather abundant in our 
sample plot may be considered indicators of a rich soil, not deficient 
of mineral salts. To my experience in forests in Borneo and Sumatra 
they are always lacking on poor sandy acid soils, and less abundant 
on old or originally more acid than on young rich volcanic soils. 


SUMMARY 


After three years of continued botanical study of the flora in the nature reserve 
of Tjibodas, Mt. Gede, W. Java it appeared technically possible to make a total 
inventary of a homogenous part of the mountain forest at about 1500 m. altitude 
in which all trees with diameters above 10 cm at breathheight were named and 
counted. It appeared that such an intensive study of a relative small part of the 
forest of Mt Gede comprises the bulk (about three quarter) of the flora of the 
montane region (1400-1700 m. alt.). The higher layers of the forest are chiefly 
composed by oaks, chestnuts, Altingia and Schima while especially Lauraceae and 
species of Eugenia come to the fore in the lower storeys. Half of the tree species 
represented in the sample plot occurred only once. About 13 tree species were only 
found in juvenile state. ‘he more common species are represented by younger 
stages in all size (age) classes. Some species show local gatherings which possibly 
depend on their way of distribution. The total inventary of the flora on one hectare 
comprises about 333 species of phanerogams and ferns, including 78 species of trees, 

1) My own measurements on 2 August 1955 were 10 a.m. in halfshade in forest: 
temperature 17° C, relative humidity 90 %, during one day and night in rest house 
max. temp. 27° G—min. 13° C. 
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40 species of shrubs, 73 species of soil herbs and about 100 species of epiphytes. The 
latter groups especially reflect the montane character of this forest and among the 
soil herbs occur species which might be considered as indicators of the fertility. 

The study must be considered as a first attempt to apply modern methods of 
plantsociological analysis in the mountain forests of Java. 
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A PRELIMINARY NOTE ON THE PLAGENT A OF 
STELLARIA MEDIA (1.) VILEZAND 
STELLARIA GRAMINESA E. 
A POSSIBLE AXIAM ORIGIN OF OV ULAS 


B. M. MOELIONO 
(Hugo de Vries laboratorium, Amsterdam, The Netherlands) 
(received March 31th, 1959) 


INTRODUCTION 


The different types of gynoecia can be explained by those, who 
consider the carpel as an infolded foliage leaf, which develops ovula 
at the margins. This typo-morphological conception is supported by 
most botanists. This theory, also called the appendicular theory, goes 
back to A. P. de Candolle. 

In fact the appendicular theory leans on the vascular anatomy, a 
method, founded by Van TreGHem (1868; 1875) and employed with 
much success by Eames and his school, for the interpretation of the 
flower. In this theory, the central placenta is a much discussed 
subject, which caused a good deal of research. In many cases the 
central placenta of the Primulaceae has been the motive. All this work 
centered upon the question whether the central placenta is wholly 
or partly formed by carpellary tissue. In a well documented article 
Purr (1951) states, that ‘“‘the central region of the column is axial, 
while its peripheral region which bears the ovules is carpellary’’. 

Typologically the Primulaceae gynoecium may be derived from 
the Caryophyllaceae by further reduction of its septa, since we can 
state that in several genera of this family the septa may vanish in later 
stages of its ontogenetical course. Moreover, this opinion is supported 
by the facts, known from vascular anatomy. (Douc.Las 1936; Dickson 
1936; THomson 1942). 

EckHarpT (1954; 1955) states in his work on the Centrospermae with 
basal ovules, that these are formed by the carpels, namely as a product 
of the “querzéne”’, where also the vascular anatomy had to supply 
the evidence. 

Starting from the idea of the infolded foliage leaf, LEmNFELLNER 
(1950) states that the Caryophyllaceae placenta is formed by the basal 
and marginal parts of the carpels; in his terminology: by means of the 
symplicate and synascidiate parts of the syncarpous gynoecium. This 
opinion however, is not the same as that of ScHAFER’s (1890), who 
thought that in the more-seeded Caryophyllaceae gynoecium the basal 
part of the placenta is not formed by the basal part of the carpels but 
by the carpel-margins. In Troll’s terminology: the carpel may be 
epeltate. 
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On the contrary, the other opinion states, that the ovules are not 
a product of the carpel-margins, but just axial products. 

PaYER (1875) thought this to be sound for all ovules. In her work 
on the vascular anatomy of the Primulaceae, Doucras (1936) has 
published a wellwritten review of the authors supporting the axial 
nature of the ovules. These authors willingly admit that the placental 
column is partly formed by carpel-margins or -bases, but insist on 
the axial origin of the ovules. Especially those investigators working 
with fossil material and several historical-orientated workers are likely 
to held this opinion. 

Recently this controversion gave birth to a renewed vivid dis- 
cussion, caused by a series of publications by Lam (1947-1955). The 
paleobotanical idea of axial and folial sporangien was adapted by 
Lam for his conception concerning the phylogeny of the cormophyta. 
Lam suggested, that the angiosperms could be derived from two stocks, 
namely the phyllo- and stachyospore plants. The Centrosperms could 
well have been of stachyosporous origin. 

Lam’s publications have aroused much opposition, because his 
ideas are controversial to the classical idea of the carpel and the 
probable origin of the angiosperms. (EAMEs 1951; EckHARpDT 1954; 
L959): 


From an investigation into the ontogeny of flower phylloms in some 
Stellaria species, I was struck by the way the placental column is 
formed. This investigation might probably be a small contribution 
for a further discussion concerning the nature of the problem I stated 
in my introduction to this article. 


MATERIALS, METHODS AND OBSERVATIONS 

The floral diagram and the position of the symmetrical plane of 
Stellaria species has long been misunderstood. ‘The carpel orientation 
with respect to the sepals is presented in different ways, to begin with 
Wyn er (1851). In 1932 Marzxe published an elaborate study about 
Stellaria media, in which he stated, that an equal number of flowers 
with sepals originated in clockwise sequence as well as in counter- 
clockwise sequence. This phenomenon is reflected in the carpel 
orientation. 

Contrary to the other authors Matzke demonstrated that the 
symmetrical plane goes through sepal number 4 and between sepals 
number 3 and 5. (Fig. 1). ony 

Although I haven’t used as many flowers as Matzke had in his 
investigations, I agree with his findings. 


Ist Metruop. Flower buds of different age, put into diluted glycer- 
ine, are examined through a binocular microscope. This method has 
been excellently employed by Paver (1857), and as to Caryophyllaceae 
tribus Alsinae, especially with regard to the placenta, by LisTER’ (1883). 

After the sepals have been formed in a quincunx, clockwise or 
counterclockwise, the episepal anthers are formed. Then the epipetal 
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anthers are formed. When these latter primordia have formed hill-like 
shapes, there still is left a dome-shaped column, the future placenta. 
Meanwhile at the base of the column emerges a ringwall: the carpels. 


Fig. 1. Floral diagram of Stellaria media. The clockwise and_ the counterclock- 
wise form; showing the symmetrical plane of the flower (after MATZKE). 


In a later stage of the growth of the carpels, I detected small and 
delicate ridges pointing upwards the ringwall into the direction of the 
top of the column: the future septa. Only then the situation named by 
Lister in her article is achieved. 

According to Baum (1950) we may have here the forming of 
congenital fused carpels, quite in contradiction to Lister. When these 
carpels have grown half the height of the column, the ovules are formed; 
starting at the top these ovules are situated next and apart from the 
septa. 

Before the forming of thé’ first ovules the petals emerge from an 
own primordium as small transparant protrusions directly behind and 
at the base of the epipetal anthers, provided they exist; since Stellaria 
media frequently has less than ten anthers. The fast growing sepals 
quickly envelop the other floral phylloms. 


From these observations concerning gynoecia, the following ques- 
tions can be raised: 


1. When the carpels from their primordia are formed and still there 
is a dome-shaped column mass, could it be possible that this 
column tissue is partly formed by carpel tissue in its peripheral 
zone, or could this be a direct prolongation of the stem? 

2. When the ovules are formed whilst the carpels are not yet fully 
developed, (that is, when the ringwall has not yet reached the 
height of the column), and where the septa are hardly detectable, 
could they be able to form the ovules in the manner as the classical 
theory states? 


To give an answer for above mentioned questions, I had to use 
normal microtome technics, since the first used method can only be 
applied for examining the outer sides of the floral phylloms. 


2nD Metuop. Dichasia from Stellaria media and Stellaria graminea 
were embedded in paraffine, sectioned serially at 10 microns, stained 
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in Delafield haematoxyline (for plasma staining) and in haematoxyline 
according to Regaud + saffranin. Complete series were studied, 
transverse and longitudinal. 
In this manner series of different flower stages could be obtained. 
The histogenetical pattern of cells of the flower phylloms were studied. 
The same sequence of ontogenetical development is observed as 
before with the first method by using a binocular microscope. 


On account of recent histogenetical research concerning the flower, 
to begin with GreGorrE (1937) and especially by the newest findings 
of Puinipson (1947), Buvat (1952) and BERsILLon (1955) and others, 
the conception considering the forming of the flower has changed. 
For an insight into this matter I refer to the publications of the authors 
mentioned above. 

The opinion of Buvat and his followers with respect to the forming 
of the flowers, I can agree with. Namely, that the flower apex consists 
of a cap of two layers. The cells of these layers are big and darkly 
stained in my microscopical slides; proméristeme sporogéne — (Buvat). 

Here beneath lies a core formed by cells which divide principally 
anticlinically = proméristeme receptaculaire (Buvat). The subepi- 
dermic layer is active in forming the floral phyllomes, except the sepals. 
I will go in details in an other paper in respect to this problem. 


Photograph 1. Gives a longitudinal view of a flower bud. Here 
we see a detail of the gynoecium of a young flower of Stellaria graminea. 
On the left and on the right hand side of the picture are anthers. In 
this section a petal primordium is slightly cut up which can be noticed 
at the base of the right hand anther. Between the anthers is situated 
the flower apex, the future placental column, which for convenience’ 
sake we will call just “‘column’’. At both sides of the column’s base we 
see carpels. The left one is nearly cut in the midst. In this part we can 
see the active topcell which divides peri- and anticlinically. The two 
outer layers of the column are dark stained while the rest of the 
column tissue is made up by ribmeristem. 


Figure no 2 is a drawing of a detail of a longitudinally cut young 
gynoecium of Stellaria graminea. On the left side, a carpel is cut through 
the septum. On the right side a carpel is cut through about the midst. 


Figure no 3 is a drawing of a longitudinally cut young flower of 
Stellaria graminea in a later stage of growth. In this drawing, the left 
carpel is cut through about the midst, while the right carpel is cut 
through the septum. This figure is a transection through the symme- 
trical plane of the flower, because we see on the left side a petal 
primordium with its epipetal anther and on the right side we see an 
anther which is bigger than the other one: an episepal anther. From 
the floral diagram as it is given by Matzke and agreed upon by me, 
it is clear, that a plane as described above can only be the symmetrical 


plane. 
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When we look at a series of details of this young gynoecium reprc- 
sented by photographs 2-7, from which photograph no. 2 corresponds 
with Fig. 4, photograph no. 5 corresponds with Fig. 5 (which is a 


Fig. 2. Fig; 3: 


Fig. 2. Stellaria graminea. Longitudinal section through a young gynoecium. 

At the left side of the column, the section goes through the margin of a carpel 

primordium. In this place the future septum will be formed. At the right side of 
the column, a carpel is cut through the midst. 


Fig. 3. Stellaria graminea. A drawing of a longitudinal cutting of a flower, 

through the symmetrical plane. (see text). Left carpel is cut through the midst, 

the right one through its septum. ep = epipetal anther; es = episepal anther; 
p = petal; cs = carpel septum; pd = peduncle. 


detail of Fig. 3) and photograph no. 6 corresponds with Fig. 6, we 
observe on this series the following facts: 

We see the caesura between column and right hand carpel reduce, 
which means, that the cuttings are approaching the septum. In 
photograph 4 and 5 the septum is reached and in photograph 6 and 7 
we have entered the next locus, which is to be seen on the growing 
caesura. On the contrary the caesura between column and left septum 
is deepening, this indicates that we are going into the direction of the 
middle of the carpel. 

In Fig. 4 we see that the column is flattened at the top, a beginning 
of the forming of the ovules has started, while at the leftside base of 
the column the forming of the ovules is yet about to begin. 

This younger phase of ovule forming on the left side of the column 
can be better seen on photograph no. 3. 

In Fig. 4 we see again the two layers of dark stained cells forming 
the cap of the column, while the rest of the column tissue is made up 
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Photograph no I Photo: F. F. Smith 


Stellaria graminea (L.) Longitudinal section through a young gynoecium. es = 

episepal anther; ep = epipetal anther; p = petal primordium, just slightly cut; 

t = topcel of carpel primordium. The two-celled tunica layer is dark stained and 
bigger than the other cells. Stained with Delafield’s haematoxyline. 


we, 


i ' “ : 


kre Photo: F. J. Smith 


) ‘nea. The photographs 2-7 are details of a series of cuttings through 
Pane pie ee pEStseri ub 2 presents at both sides of the top the differenti- 
ation of the ovules (—). 


Photograph no 2 | 


Photograph no 3 Photo: F. F. Smith 
Stellaria graminea. At the left side of the column we can see the differentiation of 


a basal ovule. The right side carpel is fused with the column, higher than in the 
preceding photograph. 


Photograph no 4 Photo: F. F. Smith 

Stellaria graminea. Photograph no 4 and no 5 are details of Fig. 3 Photograph no. 4. 

The cutting is through the symmetrical plane. Here we notice, that carpel margin 
tissue is just slightly penetrating the column tissue. 


Photograph no 5 Photo: F. J. Smith 


Stellaria graminea. Photograph of the same section as no 4, but taken with a focus 
deeper than that one. The borderline between column and carpel margin tissue is 
noticeable (Fig. 5). 


Photograph no 6 Photo: F. F. Smith 

Stellaria graminea. The separation between right carpel and column tissue can 

here be noticed again; we have arrived into another locus. (Fig. 6). Taken with 
““phase contrast”’. 


Photograph no 9 


Photo: F. 7. Smith 
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by the proméristéme receptaculaire demonstrating a well outlined 
pattern of the cells of cambial nature. The growth of the carpels 
on the left and right side of the column doesn’t interfere with column 
tissue. 


Fig. 4. Stellaria graminea. Drawing of the same cutting as represented in photo- 

graph. 2. A detail of a young gynoecium. Notice the flattened top of the column 

while at both sides ovula forming starts (>). Here too we see the regular pattern of 
anticlinally devided cells of the core (ribmeristem). 


Photograp no. 4 and no. 5 (= detail of Fig. 3) are pictures of the 
same section, taken with different depth of focus. In these pictures 
the septum of the right side carpel is fused with the column tissue. 
Photograph no. 4 shows that the septum of the right side carpel is 
just slightly penetrating the column tissue, while photograph no. 5 


Photograph no 7 

Stellaria graminea. Detail of the left carpel of carpel, seen in a cutting next to the 

one presented in photograph 6. Carpel tissue lightly stained, column tissue dark, 
(see text). 


Photograph no 8 

Photo 8 and 9: Stellaria media. Details of transverse sections through a young 

gynoecium. Photo 8: The basal ovules are just differentiating, in the 3 loci, no 
vascular tissue is detectable. 


Photograph no 9 

Transverse section of the same gynoecium as in photo no 8, near the top of the 

column. The cutting goes through the older ovules. We see in each locule 2 ovules 

forming. No vascular tissue is detectable. Neither of both photographs shows the 
demarcation of carpel and column tissue. 
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Fig. 5. Stellaria graminea. Drawing of the same cutting as represents photograph 

no 5. The cutting goes through the gynoecium in the symmetrical plane of the flower. 

Left carpel is separated from the column. The vaulting in the column (—+-—) 

indicates the places, where ovule differentiation has started. Septum of the right 

carpel has fused with column tissue. However, its borderline is detectable by the 

pattern of the margin tissue cells of column and septum. c = column cells; m = 
septum cells. 


Fig. 6. Stellaria graminea. Drawing of the same cutting as represented in photo- 
graph 6, Explanation: see at that place. 
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shows that the outer cells of both column and septum are fused. This 
situation is drawn in Fig. 5. Although we can in that figure notice 
that the edges of column and septum tissue are fused, we still see in 
their histogenetical pattern (cells “‘c’? = part of column tissue; cells 
‘“‘m’? = marginal septum tissue) the borderline between septum and 
column. So we have here an apposition of the septum against the 
column. Hereby carpeltissue doesn’t contribute to the peripheral zone 
of the column nor gives birth to the ovules. 

Photograph no. 6 (= Fig. 6) represents a next cutting in the series. 
It shows that the right side carpel and the column are separated again. 
This means, that we have arrived from the septum into an other locus. 

Photograph no. 7 is a detail of the left side of the cutting next to 
photograph no. 6. We see the left side carpel with its septum (lightly 
stained) against the dark column tissue. The septum seems to grow 
up against the column, but I think I have demonstrated already that 
carpel tissue and column tissue stay separated. 

Figure 7. Represents the situation of a gynoecium which is a few 
older. The carpel have grown up higher, but the column too. This 
column bears at both sides of the figure two ovules. The figure is made 
from a cutting through the peripheral region of the column. 


Fig. 7. Stellaria graminea. A detail of the longitudinal cutting through an older 
gynoecium than represented in the preceding figures. Carpels and column have 
grown up higher. (see text). Cp = carpel wall; ct = column tissue; 0 = ovule. 


PLACENTATION 


Purr (1952) has published a well written article on the placentation 
in Angiosperms. His interpretation on this subject centered upon the 
vascular anatomy. For the marginaxile (according to SACHS, Lee 
or axile type of placentation of the other authors, the common placenta 
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type of the Caryophyllaceae, Puri states that the infolded carpel of 
this gynoecium have 5 traces, from which the ventrals are inversed. 

Tuomson (1942) has already demonstrated that for some genera of 
this family, including Stéellaria no inversed traces in the placental 
column are found. 

I observed that at the base of the ovary the vascular tissue forms a 
hexagonal core with a lobe at each corner (Fig. 8). ‘These six lobes give 
at different heights of the bottom of the gynoecium traces, namely 
the three dorsal medians and the three median laterals. These median 
lateral, according to the classical theory, are of a double nature. 


Fig. 8. Stellaria graminea. Drawing of a transverse section through the base of 

the gynoecium of a flower. The six vascular traces, who supply the carpels are to be 

S€en. Ss —= sepals; p= petal, ws —=!s ynocciumls id= corsalestraces) tale median 
lateral trace. 


When the gynoecium has grown up sufficiently (i.e. when seedforming 
is about to start) these traces often are found to be trifurcated at the 
bottom of the carpel wall; sometimes hereby the neighbouring side- 
traces fuse, while the middle ones stay alone. 

Thomson stated that the placental vascular supply forms a core 
with three lobes directed towards the loculi. 

Because most investigators on this subject are looking chiefly on 
transverse sections, and focus their attention to the vascular anatomy, 
they are not able to detect the separation of column tissue and carpel- 
tissue. 

Photograph 8 and 9 give such a transection through a young 
gynoecium of Stellaria media. Photograph 8 gives a situation at the 
lower part of the column. Hereby, the younger ovules are not that 
much differentiated as the higher situated ones, visible in photograph 9. 
In both photographs we cannot see the borderline between septum 
and column tissue. I must agree, that there are some differences in 
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outlook of the transverse section of Stellaria media and Stellaria graminea 
but there is no principal difference. 

The vascular tissue develops rather slowly in the column tissue 
(photograph 8 and 9). The ovuleforming has started, but still no signs 
of any vascular development can be detected. 

The vascular bundle development begins at the base and goes 
upwards in the already mentioned three edged core, starting at the 
corners. In the beginning more phloem is formed than xylem. The 
tissue between those three strands is differentiated afterwards into 
vascular tissue, so that at least the three-edged core is completed. 
Afterwards from these three corners the placental traces originate, and 
become fused with the ovules. 


Fig. 9A and 9B. (Fig. 9B is a detail of 9A). Transverse section of the same flower 

of figure 7, through the base of the placental column, showing one ovule formed in 

a locus. Placental trace develops from column tissue (in drawing dotted). cp = 

carpel; s = carpel septum; cl = column tissue showing the three edged core of 
vascular tissue; o = ovule, differentiated from column tissue. 
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Figures no 9A and 9B (9B is a detail of 9A) show a differentiation 
of the columntissue into a trace from the ovule into the vascular core. 
This means that the placenta is also formed like the ovules from column 
tissue. In later stages the regular pattern of the vascular tissue in the 
column is disturbed by the growth of the different parts within the 
carpels, as e.g. is the case with the irregular number of ovules which 
set to seedforming. 


CONCLUSIONS 


The results, obtained by means of a histogenetic way of working, 
show that the idea of the placental column, partially or wholly 
covered with carpellary marginal tissue in which this very carpellary 
tissue bears the ovules, is contestable. The “‘carpels’’ are formed 
similarily as a sessile leaf where no “‘querzéne”’ is detectable. (Troll 
would call this “‘epeltat’’). The margines of these “‘carpels” are fused 
and form the later septs. In spite of the fact that the margins of the 
‘‘carpels”’ seem to be changing gradually into placental column tissue, 
in reality we can prove the border between the placental column 
tissue and the “‘carpel”’ margin tissue. By the pattern of the cells this 
border is recognised. 

The septa are intact until the embryo-sack stage is reached. In later 
stages, the septum becomes delicate and fragmentary, even disappears 
completely (Thomson has also stated this). 

As to the placental column, we see it enlargen while the dome- 
shaped top flattens. . 

Then ovula forming startss‘The first are formed at the top, hereafter 
the others are formed. The small xylem strands in the centre of the 
placental column which Thomson has interpreted as stemrests is a 
musinterpretation. 

The much contested axile placentation in the Stellaria species I 
examined proved to be a direct elongation of the stem, it is formed by 
a two cell thick tunica layer, the proméristéme sporogéne; and a core 
of promérisiéme receptaculaire. The very cells of the second layer of 
the proméristéme sporogéne which by means of divisions give the birth 
to the ovules. 

In how far these conclusions are appliable to the tribus Alsinae or 
even to the whole family of the Caryophyllaceae, is still a question, 
since BERsILLON (1955) in his work about the floral morphology in 
some genera of the family of the Papaveraceae didn’t get similar results. 
Therefore, we have to be careful. In my opinion, however, the histo- 
genetical method has proved that from the ontogeny we cannot in 
fact find any sign for an eventual phylogeny, nor signs of primitive 
characters. ‘The floral phylloms are so formed that their final form of 
its own accord is developed from the primordium. This is the meaning 
of Baum (1950) too. 

It is quite alluring to consider the “carpel” in the classic meaning 
of the word now as a pseudocarpel HAGERUP (1933), Lam (1947) 
EMBERGER (1944), FaGERuInD (1958) 


Since in present days the discussion about the subject is still very 
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vivid, it seems wise to me, with the limited results I obtained, not to 
go into speculations about it. However, for the telom theory according 
to ZIMMERMANN (1949) the facts I found are not necessarily something 
extraordinary. For, according to this theory, leaf and axis are to be 


led back to “ground telomes”’ the flower as a whole being a complex 
of syntelomes. 


Anyhow, it is clear, that those are right, who are pleading to 
broaden the conception of the carpel, as it is since the time of Goethe, 
defined by the typological way of consideration. 
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1. PFLANZENGEOGRAPHISCHE UND SOZIOLOGISCHE VERHALTNISSE IM 
EUROPAISCHEN AREAL DER ArT (Tabelle I) 


Carex buxbaumit Wahlenb. ist eine amphi-atlantische boreale Art, 
beschrieben in 1803. Ihr Areal ist weniger genau bekannt als dasjenige 
der meisten europaischen. Garex-Arten, indem A. CAJANDER erst in 
1935 C. hartmanni von ihr abtrennte. Fur die Diagnosen der beiden 
Arten sei u.A. auf CAJANDER (1935), Kocu (1943) und OBERDORFER 
(1949) verwiesen. Das Areal von Carex buxbaumi s.s. ist u.A. von 
Kern & REICHGELT (1954) beschrieben und von HuLTEN (1950, 1958) 
dargestellt worden; HuLTEN (1950) bringt sie zu der Gruppe “‘boreal- 
circumpolar species that are boreal-montane in Europe but with gaps 
in Siberia’, eine kleine Artengruppe, zu welcher u.A. auch Listera 
cordata gehort. Nach der Darstellung bei HuLtTén (1958) ware das 
mehr oder weniger geschlossene Areal der Art beschrankt auf: 
Skandinavien (ausser SW-Norwegen); Finland (ausser W-Kiiste) ; 
Alpen (selten); Bayern, Ost-Deutschland, Polen und einen ziemlich 
schmalen O-W-verlaufenden Streifen in Mittel-Russland. Weiterhin 
kommt Carex buxbaumi noch in isolierten, oft weit von einander 
entfernten Fundstellen vor in Schottland, Niederlande (sieh unten), 
West-Deutschland ausser Bayern (nur 2 Fundorte in Schleswig- 


') Die vorliegende Arbeit is eine gemeinschaftliche Ver6ffentlichung des Hugo 
de Vries-Laboratorium der Universitat von Amsterdam, des Laboratorium fiir 
Pflanzensystematik und -Geografie der Landwirtschaftlichen Hochschule, Wage- 
ningen (Belmontia B. Ecology, fasc. 5), und des Reichsinstitutes fiir dkologische 
Grundlagenforschung des Naturschutzes, Bilthoven (R.I.V.O.N., Mitteilung Nr. 
60). Sie ist ein Ergebnis von Gelande-Aufnahmen von J. van Dijk, W. J. Reinders, 
S. Segal und V. Westhoff, bearbeitet von S. Segal und V. Westhoff. Die Aufnahmen 
des zweiten Verfassers datieren z.T. aus seiner Stelle am Laboratorium fiir Pflanzen- 
systematik und -Geografie in Wageningen, z.T. aus seiner heutigen Stelle. 
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Holstein), Frankreich (sich ENGEL 1953), SW-Norwegen, Balkan, 
dem asiatischen Teil der Sovjet-Union, Canada, den Vereinigten 
Staaten, Algier, Natal und Australien. Aber auch innerhalb des 
“‘geschlossenen Areals”’ ist die Art doch immerhin mehr oder weniger 
selten: so erscheint das “‘geschlossene Areal” in Skandinavien in der 
mehr kleinmassstabigen Darstellung HuLTeEns (1950) sehr aufgelockert 
und ist es nach den Normen letzterer Arbeit nicht geschlossen. 
Carex buxbaumiu wurde in den Niederlanden zuerst beobachtet in 
1898 von D. Lako und J. W. C. Goethart, im Land van Vollenhove 
(NW-Overijsel) ; sieh Flora Batava (1901) und Vuycx (1899). Schon 
in 1905 betonte GoETHART die Notwendigkeit des besonderen Schutzes 
dieser seltenen Art. VAN Soest (1933) betrachtet die Art mit Recht 
als charakteristisch fiir das “‘Hafdistrict’’, d.h. das pflanzengeogra- 
phische Distrikt der holozanen Meereston- und Niederungsmoor- 
béden, jetzt hauptsachlich mit Lolteto-Cynosureten bewachsen, jedoch 
vegetationskundlich charakterisiert durch Gesellschaften der Pota- 
metalia, Phragmitetalia und Caricetalia fuscae. KERN & REICHGELT (1954) 
erwahnen als Fundstellen: drei in NW-Overijsel, naml. bei Wanneper- 
veen, zwischen St. Jansklooster und De Belt, und zwischen Hasselt 
und Lichtmis; und eine bei Nieuwkoop in Siidholland. Von diesen 
Lokalitaten sind diejenige bei Wanneperveen, zwischen Hasselt und 
Lichtmis und bei Nieuwkoop von uns im Gelande studiert worden; 
ausserdem wurde in N.W.-Overijsel von uns noch eine vierte Stelle 
beobachtet und aufgenommen und zwar am Kierse Wiede bei Meppel. 
Im Ausland sahen wir die Art nur im Ried d’Herbsheim, Elsass, 
Frankreich (1954). Von allen uns bekannten Fundorten ist die bei 
Wanneperveen bei weitem die meist ausgedehnte; die Art wachst hier 
optimal und z.T. gesellschaftsbildend, ihre dkologische Amplitude 
liess sich hier am besten studieren. Die Lokalitaten be: Wanneperveen, 
Meppel und Nieuwkoop sind geschiitzt: erstere sind Besitz der 
“Vereeniging tot Behoud van Natuurmonumenten in Nederland”, 
die letztere ist Besitz der ‘‘Stichting het Zuidhollandsch Landschap”. 
Eine Auswahl unseres Gesamtaufnahmenmaterials von Carex buxbaumu 
ist in Tabelle 2 dargestellt worden. . 
Beziiglich der Okologie der Art schreibt Hect (Fl. Mitt.): “zer- 
streut auf fruchtbaren, feuchten Wiesen, auf Riedwiesen (haufig auf 
Torf). Meist gesellig. Vorziigliche Streuepflanze”. Die genauere und 
modernere Aussage von OBERDORFER (1949) stimmt damit wesentlich 
iiberein: “‘selten, aber gesellig in Kleinseggengesellschaften auf nahr- 
stoffreichen kalkfreien, wie kalkfihrenden Torfbéden, in Verlandungs- 
gesellschaften hinter dem Grossseggengirtel oder in Zwischenmooren 
mit Carex lastocarpa, auch gesellschaftsbildend im Erwphorion latifoli- 
Verband (vgl. Kleinarten), reg. Cartcetea fuscae-Art, gute Streupflanze”. 
In den dilteren niederlandischen Floren wurde der Standort an- 
gegeben als “‘vruchtbare weiden’”’, wohl aus dem deutschen tibersetzt. 
Nach der heutigen Lage trifft diese Erwahnung nicht zu, indem 
““ruchtbare weiden” jetzt aus Lolieto-Cynosuretum bestehen und die 
Art in dieser Assoziation itberhaupt fehlt. Es soll aber nicht vergessen 
werden, dass das niederlandische Griinland vor etwa fiinfzig Jahren 
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noch tiberwiegend aus Mager- und Streuwiesen bestand, und dasz 
innerhalb dieser Kategorie der Begriff “‘vruchtbare weiden’’ eine 
andere Bedeutung hatte. Dasjenige, dasz damals “‘vruchtbaar”’ hiess, 
wiirde nach den heutigen agrarischen Normen als arm und improduk- 
tiv bezeichnet werden. Derartige unbestimmte, relative dkologische 
Angaben, wie man sie leider noch in den meisten Floren findet, sind 
fir geobotanische Deutung ohne weiteres ungeeignet. KERN & REICH- 
GELT (1954) geben an: “in blauwgrasland op vochtige, schrale veen- 
en zandgrond”, d.h. in Streuwiesen auf wechselfeuchten, mageren 
Torf- und Sandbéden. Wir werden weiterhin aber sehen, dasz Carex 
buxbaumii in den Niederlanden innerhalb dieses 6kologischen Rahmens 
einen gewissen Nahrstoffreichtum tatsachlich nicht scheut. 

Carex buxbaumii steht also nach OBERDORFER (l.c.) in Siid-deutsch- 
land auf kalkfreien wie kalkfiihrenden Torfbdden und tritt nach unserer 
Beobachtung im Elsass auf kalkreichem Sumpf vegetationsbildend auf; 
jedoch wurde sie in den Niederlanden nur auf kalkfreier Unterlage 
beobachtet. Man ware vielleicht geneigt, diese Erscheinung zu be- 
trachten als ein Beispiel der Erfahrungstatsache, dasz gewisse Arten in 
Mitteleuropa mehr oder weniger calcicol bzw. neutrophil auftreten, 
dagegen im atlantischen Bereich kalkfreien und saueren Standorten 
bevorziigen oder gerade darauf beschrankt sind. Ohne in dieser Frage 
jetzt zu entscheiden, sei zuerst darauf hingewiesen, dasz Carex bux- 
baumit nach GajANDER (1935) in Fennoskandien als mehr oder weniger 
kalkhold erscheint, obwohl sie da Ofters auch auf kalkfreien Boden 
auftritt. CAJANDER vermutet, dasz Kalkgehalt des Bodens die Kon- 
kurrenzkraft der Art steigert. 

Um die Frage des eventuellen unterschiedlichen 6kologischen Ver- 
halten der Carex buxbaumi in verschiedenen Teilen Europas genauer 
beurteilen zu konnen, haben wir einige Vegetationstabellen, in welchen 
die Art auftritt, in unserer Tabelle 1 zusammengefasst. Diese Tabelle 
enthalt Material aus Siiddeutschland (OBERDORFER 1957), franzési- 
schem Elsass (IssLER 1932), Polen (ZARzycKx1 1958), Schweden 
(Atmguist 1929) und den Niederlanden (unserer Tabelle II ent- 
nommen). 

Jede Assoziation stellt ein Geftige verschiedener dkologischen Arten- 
gruppen da; dieses Gefiige lasst sich lokal analysieren indem man die 
Artenliste in Gruppen 6kologischer Differentialarten aufteilt. Fiir 
regionalen Vergleich reicht diese Methode aber nicht aus. Es ist dazu 
vielmehr notwendig, die Artengruppen in Termen des pflanzen- 
soziologischen Systems auszudriicken. Freilich soll mann dann aber 
nicht — wie es leider 6fters geschieht — so vorgehen, dasz man nur 
die hierarchische Reihe der Assoziations-, Verbands-, Ordnungs- und 
Klassenkennarten desjenigen Verbandes (usw.) unterscheidet, zu 
welchem man die Assoziation stellt, und sonstige Arten als “Begleiter” 
darstellt. Auf diese Weise entstehen schéne Tabellen, die aber iiber 
das wirkliche dkologische Gefiige wenig aussagen. Fir ausreichende 
Information braucht man eine gleichwertige Beriicksichtigung der 
Kennarten anderer Verbande, Ordnungen und Klassen, insoweit 
diese in der ‘Tabelle vertreten sind, und, wenn nicht in solchen Kate- 
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gorien auszudrticken, Gruppen 6kologischer Zeigerarten; die Gruppe 
der “‘sonstigen Arten”’ soll minimal bleiben. 

In manchen Fallen bietet dieses Vorgehen aber die Schwierigkeit, 
dasz die Zugehérigkeit der Arten zu den Einheiten des pflanzen- 
soziologischen Systems keineswegs feststeht. Es gibt da zwischen den 
Autoren verschiedener Gebiete betrachtliche Auffassungsunterschiede. 
Dies ist besonders der Fall bei der hier betrachteten Vegetationsgruppe 
der “‘Molinieto-Arrhenatheretea” und “‘Scheuchzerio-Caricetea fuscae’. Die 
zweite Klasse wird allerdings von allen Autoren anerkannt; beziiglich 
der ersten gehen die Meinungen aber schon auseinander. Indem die 
mitteleuropdischen Autoren sie meistens anerkennen, besteht im atlan- 
tischen Nordwesteuropa die Auffassung, dasz entweder die Molinietalia 
zu den Scheuchzerio-Caricetea zu stellen sind und die Arrhenatheretea eine 
Klasse fiir sich bilden (VLIEGER 1937, WeEsTHOFF 1947) oder dasz die 
Molinietalia zur Klasse Molinio-Funcetea zu stellen sind, indem die 
Arrhenatheretalia ebenfalls eine Klasse fiir sich bilden (LEBRUN c.s. 1949). 
Es liegt dieser Differenz wohl mit zum Grunde, dasz die atlantischen 
wechselfeuchten Magerwiesen wesentlich reicher an acido- und 
hygrophilen Arten sind als die mitteleuropadischen und dagegen 
wesentlich armer an Kalk- und Nahrstoffzeiger. Selbstverstandlich 
gibt es auch bei Betrachtung der Zugehérigkeit der Arten innerhalb 
der Klassen mehrere Auffassungsdifferenzen. 

Es kann nicht die Aufgabe der vorliegenden Arbeit sein, derartige 
Fragen, wenn auch nur vorlaufig, losen zu wollen; dazu sind Uber- 
sichtstabellen eines grossen geographischen Raumes unbedingt not- 
wendig. Um Einheitlichkeit der Einteilung zu erreichen und daher 
regionalen Vergleich zu erméglichen, haben wir unsere Einteilung 
daher im grossen Ganzen gestiitzt auf derjenigen OBERDORFER’s (1957), 
der am meisten ausgearbeiteten und meist rezenten Vegetationsmono- 
graphie eines grésseren Raumes. OBERDORFER stellt die Molinietalia 
zu den Molinieto-Arrhenatheretea. Um eine diesbeziigliche Entscheidung 
zu vermeiden, haben wir in unseren Tabellen die Verbandskennarten 
und die Ordnungskennarten des Molinion und der Molinietalia gesondert 
aufgefiihrt, sowie auch die Gesamtartengruppe der Scheuchzerio-Caricetea 
fuscae, die Gruppe der gemeinschaftlichen Arten der Molinietalia und 
Scheuchzerio-Caricetea, und die Gruppe der gemeinschaftlichen Arten der 
Molinietalia und Arrhenatheretalia (also die sog. Klassenkennarten der 
Molinieto-Arrhenatheretea). Eine kleine, aber interessante Gruppe wird 
weiterhin gebildet von denjenigen Arten, welche den Molimetalia, den 
Scheuchzerio-Caricetea fuscae und den Brometalia erecti gemeinschaftlich 
sind. Ausserdem sind gesondert aufgefiihrt: die Verbandskennarten 
des Galthion und des Filipendulo-Petasition, also der zu den Molinetalia 
zu stellen staunassen bis wechselfeuchten Streuwiesen und Hoch- 
staudenfluren auf etwas nahrstoffreicheren Boden; die Verbands- und 
Ordnungskennarten der Arrhenatheretalia, also der Wiesen auf nahr- 
stoffreichen wechselfeuchten Béden; die Gruppe der Arten welche 
Calthion, Filipendulo-Petasition und Senecion fluvratilis gemeinschaftlich 
sind, d.h. Arten der Hochstaudenfluren auf nitratreicherem Boden; 
die Verbands- und Ordnungskennarten der Nardetalia, d.h. Zeiger- 
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arten der nach Heiden iibergehenden mageren Triften auf trocken- 
wechselfeuchten, nahrstoffarmen Béden; die Verbands-Kennarten des 
Agropyro-Rumicion crispi, also Zeigerarten von Kriechrasen auf nahr- 
stoffreichen, feuchten, ruderalen oder aus nattirlichen Ursachen 
nitratfiihrenden Béden; die Verbands-kennarten des Magnocaricion und 
Ordnungs-kennarten der Phragmitetalia, also Arten aus den_syn- 
dynamisch vorhergehenden Verlandungsgesellschaften des Gross- 
seggengiirtels in + nahrstoffreichem Wasser; die Verbands- und 
Ordnungs-kennarten der Brometalia erecti, also der Kalktrockenrasen; 
die Arten der oligo-dystrophen Hochmoorgesellschaften der Oxycocco- 
Sphagnetea; die Differentialarten der Molimetalia gegentiber den 
Arrhenatheretalia; und die Gruppe derjenigen Feuchtigkeitszeiger, 
welche zu bewerten sind als Differentialarten der Gesellschaften die 
“feuchter” sind als die Molinietalia. 

Freilich schliessen einige dieser Gruppen einander aus: Brometalia- 
Arten und Oxycocco-Sphagnetea-Arten wachsen nicht in demselben 
Bestand (vergl. Spalten 1 und 5-6 der Tabelle I). Brometalia- und 
Phragmitetalia-Arten, obwohl in ihrem 6kologischen Benehmen auch 
egrundverschieden, haben allerdings die Nahrstoffreichtum des Stand- 
ortes gemein; sie konnen daher zusammen auftreten und deuten dann 
auf sehr stark wechselfeuchtem Boden (Tabelle I, Spalte 1). 

Obwohl eine Unterverteilung der Artengruppe der Scheuchzerio- 
Caricetea fuscae auch angebracht ware, ist davon aus Grunden der 
Ubersichtlichkeit abgesehen worden, weil die hier studierte Gesell- 
schaften sehr artenreich sind und z.B. in den Niederlanden mit bis 
90 Arten auf 100 m? Flache zu den artenreichsten des Landes geh6ren. 

Nur eine derartige Untergliederung erméglicht einen fruchtbaren 
dkologischen Vergleich zwischen Gesellschaften weit auseinander- 
liegenden Gebiete mit Bezug auf der dkologischen Amplitudo einer 
gewissen Art. 

Aus der Tabelle I geht zuerst hervor, dasz das siiddeutsche “‘Cnidio- 
Juncetum” von OBERDORFER (1957) und das polnische “‘Molinietum 
typicum’’? von ZARzYCKI (1958) ziemlich stark wbereinstimmen. Beide 
Assoziationen sind, wohl mit Recht, von ihren Autoren zum Molinion- 
Verbande gestellt. OBERDORFER nennt das Cnidio-Funcetum eine Lokal- 
assoziation der nordlichen Rheinebene, die als kalkarme Parallelform 
des Molinietum medioeuropaeum bzw. ostlicher Cnidium-reicher Molinieten 
aufgefasst werden kann und in ahnlicher Form neuerdings auch im: 
Elsass nachgewiesen sei (sehe aber unten). Aus den von ZARZYCKI 
(1958) erwahnten pH-Werten des Bodens (H,O: .5,2-6,73; KCl: 
4,3—5,92) ist zu schliessen, dasz der Boden seines Molinietums, wie auch 
derjenige des Cnzdio-Juncetums Oberdorfers, relativ nahrstoffreich ist, 
jedenfalls nach atlantischen Massstaében. Beide Assoziationen, die 
westdeutsche und die polnische, wachsen auf stark wechselfeuchten 
Béden. Beide zeigen sowohl Brometalia-Arten wie Feuchtigkeitszeiger ; 
fedoch fehlen bei OBERDoRFER die Arten der Scheuchzerio-Caricetea 
juscae und sind dagegen die Brometalia starker vertreten, nach dem zu 
schliessen ware, dasz der westdeutsche Standort trockener sei. Beide 
zeigen eine ganze Reihe Arrhenatheretalia-Arten (Nahrstoffreichtum!), 
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viel mehr als in den anderen in der Tabelle I vereinigten Gesell- 
schaften. Beide weisen aber auch eine betrachtliche Gruppe Nardetalia- 
Arten auf (Magertriftenzeiger!). Carex buxbaumii erscheint bei OBEr- 
porFER als Differentialart der Assoziation mit Prasenz III (Abundanz 
und Dominanz nicht erwahnt); bei Zarzycxi als Begleiter mit 
Abundanz + bis 1. Letztere Abundanz ist, in Vergleich zu den 
Verhaltnissen bei IssLerR (1932) und in den Niederlanden, nicht 
optimal. 

Im ersten Blick erscheinen die VerhAltnisse in der Arbeit von IssLER 
(1932) aus dem franzésischen Elsass wesentlich verschieden. Die 
Brometalia-Arten und die andere Trockenheitszeiger fehlen ganz, sowie 
die Arten, die den Molinietalia, den Scheuchzerio-Caricetea und den 
Brometalia gemein sind. Auch die Arrhenatheretalia-Arten und die sog. 
Klassenkennarten der Molinieto-Arrhenatheretea, sowie die Nardetalia- 
Arten sind aber iiberhaupt nicht da, und die Molinietalia-Arten sind 
nur schwach vetreten. Der Standort ist wesentlich feuchter (sieh Carex 
hudsoni, Iris pseudacorus, Juncus subnodulosus); eben Molinia coerulea 
spielt nur eine ganz untergeordnete Rolle. IssLer (l.c.) stellt diese 
von ihm ‘‘Buxbaumietum’ genannte Assoziation denn auch zum 
Magnocaricion elatae (ob mit Recht, sei dahingestellt), und beschreibt 
sie syndynamisch als eine Verlandungsgesellschaft in der Sukzession 
zwischen dem “‘Strictetum’ (= Carex hudsoni-Gesellschaft) und dem 
“*Hornschuchietum’’ (= Carex hostiana-Gesellschaft), indem sie auch in 
Kontakt treten mag mit dem feuchten Juncetum obtusiflorr und dem 
Cladietum marisci. In dieser Gesellschaft bildet Carex buxbaumiu aus- 
gedehnte Bestande mit Dominanz 5 und Soziabilitat 5 in den vier von 
IssLER gegebenen Aufnahmen; die Art ist hier also zweifellos optimal, 
weit mehr als in den vorher erwahnten siiddeutschen und polnischen 
Assoziationen. Jedoch stimmt der von IssLer beschriebene Standort 
mit dem von OBERDORFER und ZARzyYCKI beschriebenen uberein in 
ihrem Nahrstoffreichtum. Letzterer erklart wahrscheinlich auch die 
auffallige Armut an Arten der Scheuchzerto-Caricetea fuscae, trotz des 
nassen Standortes. In dieser Beziehung unterscheiden die Carex 
buxbaumii-Bestande aus dem Elsass sich wesentlich von den nieder- 
landischen und schwedischen. 

Wihrend einer internationalen Griinlandexkursion (Association 
internationale de phytosociologie, 1954) hat der zweite Verfasser 
versucht, die von Issler beschriebenen Bestande wiederzufinden. Es 
ist ihm leider nicht gelungen, z.T. weil der Grundwasserstand dieses 
ganzen Gebietes in den letzten Jahrzehnten erheblich gesenkt ist 
(bedingt durch Meliorationsmassnahmen am Rhein). Die einzige 
Aufnahme eines Carex buxbaumii-Bestandes im Elsass, die damals 
gemacht werden kénnte, findet sich in Tabelle II: sie zeigt einen 
wesentlich weniger feuchten Standort als der von IssLER beschriebene. 

Noch einige Worte tiber dem Folgestadium des Isslerschen Bux- 
haumietum, der “Association a Carex hornschuchiana” (= C. hostiana os 
Nach Isster bildet diese Gesellschaft in der Sukzession ein Bindeglied 
zwischen dem “‘Strictetum’”’ (oder auch dem “Buxbaumietum” ) und dem 
Molinietum. Ohne daran zweifeln zu wollen, sei dennoch bemerkt, 
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dasz die “Association & Carex hornschuchiana” nach der von IssLER 
gegebenen Tabelle unbedingt zum Molinietum zu stellen sei. IssLER 
(l.c.) bemerkt, dasz Carex hostiana von schweizerischen und franzosi- 
schen Autoren als Kennart der Scheuchzerio-Caricetea fuscae betrachtet 
wird (vergl. die von ihm zitierte Litt.) und er ist damit einverstanden; 
er weist aber darauf hin, dasz Carex hostiana, von ihm eine sarmatische 
Art genannt, nach dem N.W. Europas ausklingt und dasz sich dort 
anscheinend auch ihre 6kologische Amplitudo verschmalert. Auch 
jetzt wird Carex hostiana in Mitteleuropa noch als Art der Scheuchzerto- 
Caricetea fuscae und zwar als Eriophorion latifoli-Verbandskennart ge- 
wertet (OBERDORFER 1949, 1957). Es ist daher von Bedeutung, zu 
bemerken, dasz diese Art in dem niederlandischen Molinzetum nicht 
nur haufig und hochpresent auftritt, sondern da auch als exklusive 
Assoziations-kennart gilten kann; dieses niederlandische Molinietum ist 
(nach der atlantischen Kennart Cirsium dissectum) als Cirsieto-Molinietum 
beschrieben worden (vergl. z.B. WesTHorr, Dik, PAsscHIER u. 
SissincH 1946). Dasz diese Assoziation und damit auch Carex hostrana 
jetzt in den Niederlanden Ausserst selten geworden sind, ist nur von 
agrikultur-technischen Massnahmen bedingt. Die Frage, inwieweit 
aus diesem und derartigen Griinden das Cirsieto-Molinietum vielleicht 
gar nicht zum Molinion, sondern vielmehr zum Eriophorion latifoli- 
Verband zustellen ware (PREISSING, miindl.) ist auch fiir unsere weiteren 
Betrachtungen wichtig, kann aber in diesem Rahmen nicht weiter 
verfolgt werden. 

Wir kommen jetzt zum soziologischen Verhalten von Carex buxbaumi 
in den Niederlanden: Tabelle I, Spalten 5 und 6. Diese Gesellschaft 
gehort derselben Feuchtigkeitsstufe an wie die von IssLeR beschriebene. 
Auch hier fehlen die Brometalia-Arten und sonstige Trockenheitszeiger 
ganz; die Phragmitetalia-Arten und sonstige Feuchtigkeitszeiger sind 
eben noch starker vertreten. Die Zahl der Molinietalia-Arten ist jedoch 
betrachtlich héher. Vor allem springt aber das starke Anschwellen der 
Artengruppe der Scheuchzerto-Caricetea fuscae ins Auge. Zumal in N.W.- 
Overijsel ist diese Gruppe mit 23 Arten derjenigen der Moltnietalia 
(10 Arten) weit tberlegen; zahlt mann zu den Molinietalia-Arten auch 
die Artengruppen des Calthion, Filipendulo-Petasition und Senecion fluvia- 
tilis, dann halten beide einander die Waage. Die Gruppe der gemein- 
schaftlichen Arten der Molinietalia und Arrhenatheretalia (‘‘Molinieto- 
Arrhenatheretea-Arten”) wird aber von der Gruppe der gemeinschaft- 
lichen Arten der Molinietalia und Scheuchzerio-Caricetea fuscae eindeutig 
iibertroffen (8 gegen 14). Selbstversténdlich sollen nicht nur die 
Artenzahl, sondern auch die Praésenz und Dominanz beriicksichtigt 
werden; aus der ‘Tabelle geht aber hervor, dasz unsere Folgerungen 
dadurch nicht beeintrachtigt werden. 

Die in den Spalten 5 und 6 der Tabelle I dargestellte Gesellschaft 
weicht aber vom typischen niederlandischen Cirsieto-Molinietum be- 
trachtlich ab. In letzterem sind die Scheuchzerio-Caricetea-fuscae-Arten 
viel schwacher, die Molinietalia-Arten viel starker vertreten. Es darf 
aus dieser ‘T'abelle denn auch keineswegs der Schluss gezogen werden, 
dasz das typische Cirsieto-Molinietum nicht zum Molinion-Verband ge- 
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hore. Die Tabelle sagt nur aus, dasz Carex buxbaumi in den Nieder- 
landen charakteristisch ist fiir eine Ubergangsgesellschaft zwischen 
Scheuchzerio-Caricetea fuscae und Molinietalia. Wir haben diese Uber- 
gangsgesellschaft aus Zweckmassigkeitsgriinden noch zum Cirsieto- 
Molinetum gestellt und als ““Subassoziation mit Carex buxbaumi” unter- 
schieden. Differentialarten dieser Subassoziation sind somit, ausser 
Carex buxbaumu, die syndynamischen Zeigerarten der Scheuchzerio- 
Caricetea fuscae, vor allen Carex diandra, Carex lasiocarpa, Comarum 
palustre, Stellaria palustris, Juncus subnodulosus, Carex curta, Menyanthes 
trifoliata, Epilobium palustre; diese treten im Cirszeto-Molinietum typicum 
nur ausnahmsweise und vereinzelt auf. Dasselbe gilt jedoch nicht fiir 
Carex hostiana (sehe oben) und Carex pulicaris, welche als Kennarten des 
Cirsieto-Molinietum zu betrachten sind. 

Ein auffalliger Merkmal des Cirsteto-Molinietum caricetosum buxbaumit 
ist, verglichen mit den in den Spalten 1, 2 und 3 der Tabelle I wieder- 
gegebenen Gesellschaften, das Ansteigen der Artengruppe des Calthion 
und des Filipendulo-Petasition. Zum Teil erklart sich diese Erscheinung 
dadurch, dasz Carex buxbaumii auf relativ schmalen Ubergangsstreifen 
zwischen Schwingrasen (Caricetum diandrae) und Streumagerwiesen 
(Cirsieto-Molinietum typicum) wachst und dort in Kontakt steht mit den 
Hochstaudenfluren des Valerianeto-Filipenduletum. 

Das niederlandische Cirsieto-Molinietum caricetosum buxbaumu zeigt 
aber auch eine gewisse Ubereinstimmung mit den siiddeutschen und 
polnischen Gesellschaften und einen Unterschied mit der von IssLER 
beschriebenen Assoziation, namlich im Auftreten der Gruppe der 
Nardetalia-Arten und der Gruppe der gemeinschaftlichen Arten der 
Molinietalia, Scheuchzerio-Caricetea fuscae und Brometalia. Dieses Merkmal 
deutet auf einem gewissen Magerrassencharakter mit zeitweiliger 
Austrocknung, dasz den elsdssischen eutrophen Verlandungsbestanden 
fremd ist. 

Es sei weiter darauf hingewiesen, dasz die Gruppen der Arrhena- 
theretalia-Arten und der Agropyro-Rumicion crispi-Arten, wenn auch 
schwach, in der niederlandischen Carex buxbaumi-Gesellschaft vertreten 
sind. In Cirsieto-Molinietum typicum fehlen diese Arten vollig; sie waren 
da nur als Stérung zu betrachten. Carex buxbaumu scheint sich an diesen 
etwas nahrstoffreicheren Stellen aber cher besser zu entwickeln (vergl. 
oben, zumal den Ausfiihrungen CaJANDERS). 

Der grésste Unterschied zwischen dem Cirsteto-Molinetum caricetosum 
buxbaumii und die erwahnten Carex buxbaumii-Gesellschaften aus siid- 
licheren Gegenden liegt aber vielleicht im Auftreten der Hochmoor- 
Artengruppe der Oxycocco-Sphagnetea, zusammen mit dem haufigen 
Vorkommen von nicht zu dieser Klasse zu stellen Sphagnum-Arten 
(S. palustre, S. recuroum, S. fimbriatum, S. squarrosum). In diesem Merkmal 
leitet die niederlandische Gesellschaft zu den schwedischen ber, 
welche wir jetzt besprechen werden. ‘ 

In dem von Almquist (1929) aus Uppland beschriebenen “Carex 
hornschuchiana-Amblystegium-Karrang”’ sind die Molinietalia-Arten nur 
schwach und dagegen die Scheuchzerto-Carwetea fuscae-Arten sehr stark 
vertreten. Die Gesellschaft gehért zweifellos zu der letzten Klasse. 
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TABELLE I 


Einige Daten iiber das soziologische Verhalten von Carex buxbaumii in Europa. 
Regionale Prasenztabelle. 


TTT 


Erlauterung: D 
D: Siiddeutschland C.-J.: Cnidio-Juncetum 
F: Frankreich (Rheinebene) Bx: Buxbaumietum 
P: Polen (Oberer Weichseltal) Mt: Molinietum typicum 
S: Schweden (Uppland) C.A.K.: Carex hornschuchiana- 
NI: Niederlande (Nieuwkoop: Amblystegium-karrang 
Zentrum des Landes) C.-M.c.b.: Cirsieto-Molinietum, 
NII: Niederlande (Wanneperveen: Subass. von Carex buxbaum1 
Nordwest-Overijsel) Mo: Molinion coeruleae 
Ob: Oberdorfer MC: Magnocaricion elatae 
Iss: Issler C.l.: Caricion lasiocarpae 
Zar: Zarzycki Cl/Mo: Ubergang zwischen Caricion lasiocarp 
Alm: Almquist und Molinion coeruleae 


div: Verfasser und Mitarbe.ter 


In jeder Spalte sind zuerst die Prasenz, nach dieser die héchste und die niedrigste Abundan 
Dominanzzahl aufgefiihrt. Letztere Werte entsprechen in den Spalten 1-3 u. 5-6 die Skala v 
Braun-Blanquet, jedoch in der Spalte 4 die Skala von Hult-Sernander. Bei Oberdorfer (Spalte 
finden sich die Abundanz—Dominanzverhiltnisse nicht erwahnt. 

Mit () sind aufgefiihrt diejenigen Arten, die zwar in den hier beriicksichtigten Aufnahm 
fehlen, jedoch bei den betreffenden Autoren in anderen Untereinheiten ihrer ‘Tabelle erwahnit sir 


1 2 3 4 5 6 
Abghavel Fete AME Le es Nee cme D F Eg S NI NII 
ANIM? 5 5 o ery ee rc Ob. Iss. Zar. Alm. div. diy. 
Jahr d. Veroff. . . ew Ae bo Loan, 1932 1958 1929 1959 1959 
Zahl der Aufnahmen. . . . . . Bs 4 4 9 4 6 
Namen der Gesellschaft ... . C.-J. Bx. Mt. CG.A.K.  Ci-M.c:b. C:-M.cg 

(von den betreff. Autoren gee. ) 

NiGT AIC ease mitt ice at ae Mo. MC Mo. ACrale Cl/Mo Cl/Mo 


re 


(Canmore |Qurdoyioiemil 4 5 5 g o 6 « Ill Be Ds 2.+-1 II. 1-2 4 2-3 V2 
(angefiihrt als) : DASSe bar. Begl. — D. Sub- — D. Sub: 
ie 4 (Dom.) ass. ass. 
Kennarten der Assoziationen: 
(Gravishhonan Chili 5S 5 4 4s Ill — 1+ — — — 
Wholly guieveroing) 2 2 2 0 ne oo I — — = = Ted 
Viola pumila . . Uae II -- — — oe eee 
Oenanthe peucedanifolia SPs nds I — = = = a 
iris silbrriGalee ae Ret see — = Dele — = ee: 
Laserpitium prutenicum Sen — — 13 a = 2S 
C@irsiumucissectumaen ws ye ee — =- ~s = a ii il 
Crigsinnam, Groubmnuia 4 bg 6 0 — = = =< = ee 
Wierimusombeia, , 5 5 5 «a « — ae _ =5 ase ic ali 
Verbands-Kennarten Molinion: 
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Galitim'borcale =) 4. ene) JAW, = else fees — 
eMUbiuoen erorseltosyebi > 4 5 1 A I 1+ = a 7: 


Cirsium tuberosum Sf et ee Ae IV 
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hioglossum vulgatum ... . I —— — — =. = 
mex LOMMeNtOSa. | «25, 6 4 «= I — () 3 = 45 
Biaisicorniophora =. =. <i. . I — = — — 
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Ne) 
(ex) 
aS 
on 
(op) 


Gemeinschaftliche Arten Molinietalia 
u. Scheuchzerio—Caricetea fuscae: 


Pjumcusranticulalusm semen l-mtme: _- 21 4 +-] I+ 1 + I+ 
(Cralliunn wibesinogein 5 5 o 6 a < II — 4 4-2 T+ 42 ee 
Salixere pels aaae See 10 == = ie DM III += 
Hydrocotyle vulgaris . ey. I D se = os | IV i= 
iNemrosias: CHM, Gs 6 6 0 4 4c III — ( ) i? tall Vv 12 
Dactylorchis incarnata. .. . . Il ~- — PT os III +- 
Dicranumy bonjcaniy sey ole — -— — _ Dae. Te 
Wealeniamaldiolcame ey nicer ane _— —- — — 4 1-2 V oa 
PRIMES) PAIS 5 5 5 oo o ¢ —- —- — I+ — Tle 
Ranunculus flammula .... . — — 2+-1 — © () 
@arexademissa mile eee — — ~- _- Mil Il +5 
Hierochloe odorata ..... . — - — — See If = 
IMIGiidna, aemeinee, so co 56 5 5 - = = — =. Baie IV 1 
DOORS [SAUNA 5 co 6 5» 5 6 = — We tal — a 
Calamagrostis neglecta. . . . . — -- — — = ie 
alaraxacuiman (ty \sjoalistre : aennenne I — — — = aoe 
Pinguicula vulgaris ..... . —- — a lial — 

Gemeinsch. Arten Molinietalia, 

Scheuchzerio-Caricetea fuscae u. 

Brometalia: 

Briza media . . fhe ar ees Ill —- 4+ it — I+ 
Leontodon nudicaulis Ses aay _— = —- — ul —- 
ILivnpien Gatlngven@umn 5 5 5 6 o « = == 4b cle || — = II + 
Bissiciens adianmtorc esi eyes — — 3+ II +—-l —- III +- 
Gymnadenia conopsea. ... . Il — = —— — — 
Garexiflaccan.. se ee, ees II — = es — = 
Calamagrostis epigeios ay: ee ei II — = == _ —_ 
Differentialarten Molinietalia 

geg. Arrhenatheretalia: 

Mio hime @osalley)) 5 5 o a o « Wi jlesh ip se 4 2-4 IV 1-4 4 +-2 V +=- 
(Chie OANA og 5 np 0 5 clo II 4 + -] 4 |-2 V 1-3 2+ V +- 
Geilivien, RUSS 6 4 5 2 a 2 o - Il 2+ ) il 8) a Vee 
Peucedanum palustre .... . — Bae aoe nee ih 4 Vis 
Lysimachia vulgaris . Vv a= il I = Seals Ti 
Deschampsia caespitosa V 1+ See? — = =e 
Carex pallescens. eee I = yes — <> aay 
Juncus effusus. . . See heer I = — = eal () 
Symphytum officinale |... TM = — = as T= 
Chiloscyphus polyanthus . . . . = a = a ie I 
Dactylorchis “latifolia”. . . . . — — Seelseall ae a a 
Mnium punctatum sue —_ as ih i ~ aes 
Sian jo 5 5 oo co a & = = a5 —_ == == 
Sphasmuioerecurv Ul alee — — = fs = Il 4 
Prellhie, Garou o 2 o 5 5 5 5 — = = = —_ Ill 43 
Verbandskennarten Calthion u. 

Filip.-Petasition: 

Lathyrus paluster . I oy ce _ af 
Filipendula ulmaria . ae I ii — a : an a a 
(Centos CUSED, 5 6 5 5 o o o « I [46 = — == Wi 
Angelica sylvestris . Pee a: I — = 5 ae IL 
Galthagpalustiis san: lemme ne — tl () i= () Tis 
Waleriana)officinalis, >... = a= ae pa Biclieed View 
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a 
necio aquaticus . I —— — == = Pee 
ctylorchis praetermissa . a — 22 = cee ieee 
ctylorchis praetermissa 
ssp. junialis . = — — _- 2-4 II + 
rsium rivulare. are — = eS | a as = 
nunculus auricomus (ssp.) — = it ae = = ee 
ctylorchis majalis . a = = = i) ae eax 
ericum tetrapterum — = == —_ De () 
meinsch. Arten Filip.-Petasition 
u. Senecion fluviatilis: 
patorium cannabinum . — -— = ee Ay invents 
lystegia sepium . = _ = = eee () 
necio paludosus . — 3 a= = fet = sug) 
phorbia palustris = | 2 = a ae 
rb.- u. Ordn.-Kennarten 
Arrhenatheretalia: 
icia cracca III — Lyte ic pee yan 
ifolium repens I a 3 45 = == te 
nosurus cristatus II — 3 + -2 — I+ 
stuca pratensis Ill — 4p I _ = == 
ifolium pratense . , Ill — Ame? — is = 
rysanthemum leucanthemum . IV = 4 4-2 — = my 
thyrus pratensis . I _ 2+ — — —_ 
alium mollugo I oo = = —= ee 
simachia nummularia Il -- 1+ = —_ = 
leum pratense — = i] 26 == _ —_ 
ifolium dubium — — aD, =a _ = 
ampanula patula. — —— 1+ — = = 
ellaria graminea . -— = il ae = aes = 
phrasia rostkoviana . — -- 34+ — = 
meinsch. Arten Molinietalia u. 
Arrhenatheretalia (sog. Klassen- 
kennarten d. Molin.-Arrhenatheretea) : 
olcus lanatus V — 4 1-2 — 3 +-1 V +-1 
nella vulgaris Ill — 44-2 — ae TUN ste 
umex acetosa II — 2+ — 2 I+ 
anunculus acer Ill — 4 1-2 — = Wil ej 
antago lanceolata Ill — 4] — — IV +-3 
ardamine pratensis . I — 2 +—1 — — IV + 
limacium dendroides . III — 2-3 == = i 3} 
hinanthus minor . IV — 1 + — — — 
entaurea jacea . ‘ IV — 44-2 — — — 
erastium holosteoides . I == Desir — = rs 
ytidiadelphus squarrosus . — — — — — IV =+--3 
erbands- u. Ordn. -Kennarten 
Nardetalia: 
otentilla erecta . V — 44-2 [II 1-2 44-2 III+-1 
ieglingia decumbens II — 4 1- — — I +-l 
olygala vulgaris II — 3 + -1 = = Lise 
estuca ovina if a Se a = > 
enista tinctoria Ill — = = == = 
oeloglossum viride . : aa = = = + 5 


alium pumilum . 
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Genista sagittalis 
Nardus stricta. 

Viola canina . ; 
Potentilla anglica . 
Dactylorchis maculata . 
Platanthera bifolia. 
Scorzonera humilis 


Verbands-Kennarten Agropyro— 
Rumicion crispr: 


Ranunculus repens 
Festuca arundinacea . 
Gratiola officinalis . 
Potentilla reptans . 
Veronica scutellata 


Verb.-K.A. Magnocaricion u. Ordn.- 
KA. Phragmitetalia: 


Phragmites communis 
Equisetum fluviatile . 
Carex acuta 

Carex hudsonii . 
Carex acutiformis . 
Myosotis scorpioides . 
Carex riparia . 

Poa palustris . 2 
‘Typha angustifolia. 
Ranunculus lingua 


Verb.- u. Ordn.-Kennarten Brometalia: 


Galium verum : 
Trifolium montanum 
Koeleria pyramidata . 
Bromus erectus . 
Euphorbia cyparissias 
Trifolium ochroleucum . 
Hippocrepis comosa . 
Helianthemum ovatum . 
Filipendula hexapetala . 


Arten der Oxycocco-Sphagnetea: 
Myrica gale : 
Drosera rotundifolia . 
Andromeda polifolia . 
Oxycoccus paluster 

Scirpus caespitosus- - 
Aulacomnium palustre . 


Feuchtigkeitszeiger (Diff.-Arten der Ges. 
welche hygrophiler sind als Molinion) : 


Iris pseudacorus . 
Scutellaria galericulata . 
Calamagrostis canescens 
Lysimachia thyrsiflora . 
Sphagnum palustre 
Sphagnum fimbriatum . 


Ill 
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| 1 2 3 4 6 

: 

: 

ycopus europaeus ... . .. . — = = == ipee = 

Pmicularia mimon. = 2! . . — — == a a 11 
MexaTOStaltcly fs Riis caan o> by — = = = = 1D 
hagnum squarrosum. ... . — = = = = I ae 
wopteris thelypteris . . . = - — = = = _ 12 


rockenheits.veiger: 


PeMIDUALCIISISe ee ss og sy Ill -— I+ a — = 


Snutodon hispidus .- - . . - III ~- 4 2 — — a 
BesLcormiculatus © =. . .95 ~ - Il —- 4 + -2 — — = 
Inllea millefoluum ..... . Il — 2+ = a == 
Srostis tenuis ee ae II i 4 +-2 _— — = 
Schoens racicata ~ J. . Il a 1+ — — — 
RUA epithynnml 2 9.2 = = - I — 2+ — — = 
ymus pulegioides ..... . I _— 1+ --- — — 
Melareamipestris (m= = = — —- 4 +-] _ = —- 
BYISPAEVEMSISH: cas 0. 09s =u — — 3 +-2 — — — 
\nstige *) 
rocladium cuspidatum. .. . Ill — 3+ T+ 3 S—=3' - LV 2-5 
thoxanthum odoratum. .. . V — 4 1-2 — 4 1] IV + -2 
mea GUADTASH a alu. «ss NUL = 3) 2 a 4 4-1 III + 
mex ~lepidocarpa’...- . = - — | +- 3 + I + — = 
meissolutinosa ==. - - -. + - — -- — if i 1+ III + 
MCE AUICUT Ale es) ces ee, ay se — — 1+ — 1+ T+ 
eudoscleropodium purum . . — — 1+ — 3 1-3 I Se 
stis stolonifera ..... - Ill oo 2+ -— —- — 
fila PUDEICENS 2 ee ue — — — — 3+ II + 
Meacimered «c's + + we — — — — 1+ III +-1 
Beeyreptang 0 2 402 I — 1 + — —- — 
gina procumbens ....-. - — — 1+ _ _- I + 


1) Von Zarzycki als Assoziations-Kennarten betrachtet. 
2) Die nur in einem Gebiet erwahnten Arten, deren soziol. Zugehérigkeit Zweifelhaft ist, werden 


ten gesondert aufgefihrt. 


inmal sind erwahnt: 
alte 1: Ranunculus nemorosus, Vicia tetrasperma ssp., Dactylis glomerata, Carex appropinquata, 
Mentha arvensis. 


alte 2: Eleocharis uniglumis, Orchis palustris. 


alte 3: Daucus carota, Salix rosmarinifolia, Thuidium delicatulum, T. abietinum, T. philiberti, 
Brachythecium sp., Campylium sp., Mnium cuspidatum, Carex contigua, Plantago 
media, Ctenidium molluscum, Hylocomium splendens, Cladonia furcata. 


alte 4: Primula farinosa, Viola uliginosa, Juncus nodulosus, Campylium elodes, Cinclidium 
stygium, Sphagnum warnstorffii, S. contortum, Sesleria coerulea, Picea abies, Carex 
““6ederi’”’, Plagiochila asplenioides, Viola epipsila, Valeriana excelsa. 


alte 5: Rubus sp., Lophocolea bidentata. 
alte 6: Marchantia polymorpha, Mnium affine, Leptobryum pyriforme. 
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Es fallt auf, das Carex hostiana hier also dominiert in einer Gesellschaft 
der Scheuchzerio-Caricetea, wie in Mitteleuropa, doch im Gegensatz zu 
den niederlandischen Verhaltnissen. Ob das Verhalten in den Nieder- 
landen als eine atlantische Erscheinung zu betrachten ware, ist 
zweifelhaft, da ALLORGE und GAuME (zit. bei IssLER 1934) Carex 
hostiana in Frankreich ebenfalls in Gesellschaften der Scheuchzerio- 
Caricetea fuscae erwahnen. In der schwedischen Gesellschaft ist der 
Hochmoorcharakter (Oxycocco-Sphagnetea) durch das Auftreten von 
Andromeda polifolia und Oxycoccus paluster noch starker ausgepragt als 
in den Niederlanden, wo diese Arten zwar vorkommen, aber niemals 
mit Carex buxbaumi vergesellschaftet sind. 

Obwohl in der schwedischen Gesellschaft die “Klassenkennarten 
der Molinieto-Arrhenatheretea”’ sowie die Agropyro-Rumicion-Arten ganz 
fehlen und die Phragmitetalia-Arten nur schwach vertreten sind, gibt 
es hier doch einige mehr anspruchsvolle Arten wie Vicia cracca, 
Scutellaria galericultata und Caltha palustris. 

Es darf aus dieser einen Tabelle von Atmguisr selbstverstandlich 
nicht der Schluss gezogen werden, dasz Carex buxbaumi in Schweden 
nicht auch in anderer Vergesellschaftung auftreten kénnte. Jedoch 
tritt aus diesem regionalen Vergleich als Tendenz hervor, dasz Carex 
buxbaumu vom Siiden nach Norden und vom Osten nach Westen in 
allmahlich nahrstoffarmeren und zugleich allmahlig nasseren, im 
Sommer weniger stark austrocknenden Standorten gedeiht. 


2. NAHERE BETRACHTUNG DES NIEDERLANDISCHEN MATERIALS 
(Tabelle IT) 


Von den niederlandischen Lokalitaten der Carex buxbaumii ist die- 
jenige bei Wanneperveen in N.W.-Overijsel, wie schon erwahnt, die 
meist ausgedehnte und differenzierte; die vegetationskundliche Stelle 
der Art lasst sich hier am Besten beurteilen. Wir werden also die Auf- 
nahmen 7-20 der Tabelle II, welche sich auf diesem Fundort beziehen, 
zuerst besprechen. 

Die erwahnte Gegend ist ein Sumpfgebiet von mehreren hundert 
Hektar, in welchem Carex buxbaumiit auf etwa 200 ha an mehreren 
Stellen auftritt. Die Aufnahmen 7-13 geben diese verschiedene Klein- 
fundorte gesondert wieder; die Aufnahmen 14—20 entstammen einem 
Transsect von Aufnahmen an eine dieser Stellen, die sog. *““Maatjes”’. 
Die Struktur der Landschaft ist folgende. Die Parzellierung ist lang 
und schmal; zwischen mehr oder weniger parallel verlaufenden 
Streifen alten, nicht oder nicht rezent abgestochenen Torfbodens, 
mit Streuwiesen bewachsen (‘“‘ribben” oder “legakkers’’) finden sich 
Torfstiche, welche in Tiefe und Umfang sehr verschieden sind. Die 
kleinsten Torfstiche sind nur einige m? gross; die grosseren jedoch 
bilden ausgedehnte Sumpfe und sind hier und da im Laufe der Ge- 
schichte eben zu seichten, Kwadratkilometergrossen Seen ausgewach- 
sen. In diesen Torfstichen haben sich Verlandungsserien ausgebildet, 
welche zu Schwingrasen fiihren; diese kénnen sich entweder zum 
Erlen- oder Birkenbruchwald entwickeln, oder, wenn sie jahrlich 
gemaht werden, zu einer Hochmoorgesellschaft mit Erica tetralix, 


VEGETATIONSKUNDLICHE STELLUNG VON BAREX BUXBAUMII WAHLENB. 319 


Oxycoccus paluster, Polytrichum strictum, Aulacomnium palustre usw. In 
seltenen, unten naher zu besprechen Fallen kann die Sukzession vom 
Schwingrasen zum Cirsieto-Molinietum fiihren. 

_ Die Vegetationsverhaltnisse dieses Gebietes (und der ahnlichen um- 
ringenden Gegenden) sind zuerst von VAN Dyk & WesrHorF (1955) 
beschrieben worden, nachher von Kurper & Srcat (1955) und 
Kurrer (1958) genau analysiert worden. Kurper (1958) hat gezeigt, 
dasz der Charakter der Verlandungsserie von Ausmass und Tiefe der 
Ausgangsstandorten abhangt. Wir werden uns hier beschranken auf 
dem meist typischen Fall: 


Hydrochareto-Stratiotetum 


Initiale Phase des 
Caricetum diandrae 
(Vegetation von Equisetum 
fluviatile und 
Carex lasiocarpa) 
J 


j 
nd a ‘Ve 
Caricetum diandrae, Ubergangsphase nach 
Scorpidium-Phase Cirsieto-Molinietum, 
charakterisiert durch 
Caricetum diandrae, Carex buxbaumii 
Sphagnum-Phase 
1 1 Cirsieto-Molinietum 
Sphagnion fusci Myrica- 
Bestande 
Y 
Bruchwald 


Das optimale Caricetum diandrae ist eine sehr artenreiche, homogene 
Schwingrasengesellschaft mit einer grossen Zahl charakteristischen 
Arten, wie Carex diandra, Eriophorum gracile, Calamagrostis neglecta, 
Utricularia intermedia, Parnassia palustris, Liparis loeseliui, Sagina nodosa, 
Campylium stellatum, Scorpidium scorpioides, Drepanocladus intermeduus, 
Brigum pseudotriquetrum, Philonotis fontana, Fissidens adiantoides, Riccar- 
dia multifida, R. sinuata, R. pinguis, vergesellschaftet von konstanten 
Arten wie Pedicularis palustris, Menyanthes trifoliata, Comarum palustre, 
Carex lastocarpa, Valeriana dioica, Viola palustris, Dactylorchis majalis, D. 
praetermissa. Ein Teil dieser Arten tritt auch im Crrsteto-Molimetum auf, 
doch charakteristische Molinietalia-Arten sind in diesem Stadium noch 
kaum da. In dieser Assoziation fehlt Carex buxbaumii; sie ist daher in 
Tabelle II nicht vertreten. 

Der Schwingrasen steigt und sinkt mit dem Wasserniveau und ist 
daher konstant nass. Es gibt aber Stellen, wo die urspriinglich schwim- 
mende Vegetation an den unabgestochenen alten “‘legakkers” (Moor- 
bodenstreifen) anwachst. Den “legakkers’”’ entlang kann es somit ein 
Sumpfstreifen geben, dessen Oberflache den Grundwasserwechsel 
nicht mehr folgt. Es ist zu erwarten, dasz in diesem Fall Wechsel- 
feuchtigkeitszeiger eintreten werden, also Arten des Cirsteto-Mol’netum. 
Dies ist tatsachlich der Fall: es erscheinen Carex pulicaris, C. hostiana, 
Sanguisorba officinalis, Carex panicea, Viola stagnina, Dactylorchis incarnata, 
und auch Carex buxbaumii. Carex buxbaumii zeigt von diesen Arten die 
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Erlduterung: 
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M = Meppel (Kierse Wiede) Di jevan Dik 
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Carex buxbaumil . 


Kennarten des Cirsieto-Molinietum: 
Carex pulicaris . 
Cirsium dissectum 
Viola stagnina . 
Cirsium spurium . 
Viola ritschliana . 
Carex hostiana . 


Verbands-Kennarten Molinion: 
Thalictrum flavum . 
Succisa pratensis . 
Gentiana pneumonanthe. 


Ordnungs-Kennarten Molinietalia: 
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i einigen Moosen) bedeutet, dasz die Art in der Aufnahme vorkommt, dasz jedoch die 
danz—Dominanz nicht bekannt ist. 
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Epilobium palustre. 7 2 = - 29-9. 2a 2 ee ail 
Sagina mod0sa (a0 5%. cows Ge) puke eee ee - -.] L, 
Liparis loeseli . iat 
Eriophorum gracile . 
Campylium stellatum . 
Scorpidium scorpioides 
Drepanocladus intermedius 
Riccardia pinguis . 
Riccardia multifida . 


Gemeinschaftliche Arten Molinietalia und Scheuchzerto-Caricetea 
Suscae: 
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Verbandskennarten Calthion u. ees -Petasition: 
Lathyrus paluster. . . ee =- | 
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Gemeinsch. Arten Filip.-Petasition u. Senecion fluviatilis: 
Eupatorium cannabinum ; : 
Calystegia sepium 
Senecio paludosus 


Verb.- u. Ordn.-Kennarten Arrhenatheretalia: 
Vicia cracca . ha Mees 
Trifolium repens . 

Cynosurus cristatus . 
Galium mollugo 
Lathyrus pratensis 


Gemeinsch. Arten Molinietalia u. Arrhenatheretalia 
(sog. Klassenkennarten d. Molin.-Arrhenatheretea ) 
Holcus lanatus . ; 

Rhytidiadelphus squart rosus 
Prunella vulgaris . ca 
Plantago lanceolata . 
Cardamine pratensis 
Rumex acetosa . 
Ranunculus acer . . 
Climacium dendroides. 


Verbands- u. Ordn.-Kennarten Nardetalia: 
Potentilla erecta : A ee 
Sieglingia decumbens . 

Potentilla anglica . 
Viola canina . : 
Polygala vulgaris . 
Platanthera bifolia 


Verbands-Kennart Agropyro-Rumicion crisp: 
Ranunculus repens . rae 


Verb.-K.A. Magnocaricion u. Ordn.-h.A. crepe eae 
Phragmites communis . 
Equisetum fluviatile . 
Carex acutiformis . 
Carex acuta . 
Carex hudsoni . 
Poa palustris . ae 
Typha angustifolia 
Ranunculus lingua 


Arten der Oxycocco- POS 
Myrica gale . 
Aulacomnium palustre 
Drosera rotundifolia . 


Feuchtigheitszeiger (Diff--Arten der Ges. welche hygrophiler 
sind als Molinion): 

Calamagrostis canescens . 

Dryopteris thelypteris . 

Sphagnum palustre . 

Sphagnum fimbriatium . 

Lysimachia thyrsiflora . 

Lycopus europaeus . 

Iris pseudacorus 
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Utricularia minor. 
Sphagnum squarrosum 
Scutellaria galericulata 
Carex rostrata . 


Sonstige (insofern mehr als einmal): 
Anthoxanthum odoratum 
Acrocladium cuspidatum 


Festuca rubra 


Scleropodium purum . 
Alnus glutinosa. 
Betula pubescens . 


Salix cinerea . 
Salix aurita 


Frangula alnus . 


Ausserdem wurden einmal beobachtet: 
ile 


Oenanthe peucedanifolia (1.2), Filipendula hexapetala, Mentha arvensis, Stach 
palustris. 


: Mnium hornum (1.2). 

: Lophocolea bidentata. 

: Sagina procumbens, Mnium affine (1.2). 

: Campylium polygamum, Taraxacum sp. 

: Rubus sp. 

: Agrostis stolonifera (1-2.2), Calypogeia trichomanis (3.3), Brachythecium rutabulu 


5 lee 


(2.2), Ceratodon purpureus. 
Atrichum undulatum. 


engste Amplitude: sie ist ausschliesslich an diesem Stadium gebunden. 
Auch die 6kologisch viel weiter verbreitete Carex disticha zeigt eine 
Preferenz fiir diesen Ubergangsstreifen, wie es auch in Schweden be- 
obachtet wurde (Du Ruie1z c.s. 1939). Kurper (1958) meint eben, dasz 
Carex buxbaumii verschwindet, sobald die Arten der “‘mehr saueren 
Endstadien”’ (Oxycocco-Sphagnetea-Arten) einsetzen; unsere ‘Tabelle 
zeigt aber, dasz sie sich auch in diesem Fall noch gut halten kann. 
Abgesehen von dieser ‘Tendenz zum Hochmoor tritt in dieser Sukzes- 
sion spater auch Molinia coerulea auf; sobald diese zu dominieren an- 
fangt, kann auch Cirsium dissectum erscheinen und verringert die Arten- 
zahl der Scheuchzerio-Caricetea fuscae sich stark. Dieses Stadium stellt 
das typische “‘Cirsieto-Molinietum caricetosum buxbaumi”’ dar. 

Die Aufnahmen 7—20 der Tabelle II zeigen, dasz die héhere oder 
geringere Abundanz der Carex buxbaumi nicht mit. Ansteigen oder 
herabsinken der Dominanz von Molinia coerulea korreliert ist. Es be- 
steht zwischen den beiden Arten weder eine positive noch eine negative 
(Konkurrenz-) Affinitat. Nichtsdestoweniger fehlt Carex buxbaumii voll- 
standig in alten Bestanden des Cirsieto-Molinietum typicum, in den die 
Artengruppe der Scheuchzerieto-Caricetea fuscae stark zuriickgetreten ist. 
Wenn Kurper (1958) vermutet, dasz diese Erscheinung mit der 
starken Versduerung im alten und typischen Cirsieto-Molinietum zu- 
sammenhangt, hat er wohl recht. Carex buxbaumii kann also nicht in 
den Schwingrasen wachsen, weil sie Wechselfeuchtigkeit bediirft, aber 
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auch nicht in den 4lteren wechselfeuchten Molinieten, insoweit diese 
nicht mehr von etwas nahrstoffreicherem Wasser tiberflutet werden. 
Sie ist auf ein ganz bestimmtes Stadium beschrankt. 

Vergleichen wir nun mit diesen Ergebnissen die Verhaltnisse der 
anderen Lokalitaten von Carex buxbaumit in den Niederlanden. 

In der ziemlich artenarmen Aufnahme 6 (Kierse Wiede, Meppel), 
in der Carex buxbaumi allerdings reichlich vertreten und optimal ent- 
wickelt war, fehlen sowohl die Assoziationskennarten des Cirsieto- 
Molinietum und Verbandskennarten des Molinions wie die Differential- 
arten der Molinietalia, fast alle Kennarten der Scheuchzerio-Caricetea 
fuscae und alle Arten der Nardetalia und der Oxycocco-Sphagnetea. Da- 
gegen sind die Molinieto-Arrhenatheretea-Arten gut vertreten, Plantago 
lanceolata eben mit 3.1, und finden sich hier Lolieto-Cynosuretum-Arten : 
Trifolium repens und Cynosurus cristatus, und eine Agropyro-Rumicion-Art: 
Ranunculus repens. Auch Carex acuta mit 3.5 deutet auf Nahrstoffreichtum. 
Es handelt sich hier um einen Bestand, der vor einigen Jahren einmal mit 
Kunstdiinger bearbeitet wurde. Nachher ist das Gebiet aber von dem 
Naturschutz erworben und die Diingung verboten worden. In dieser 
relativ nahrstoffreichen Umwelt kann Carex buxbaumii sich anscheinend 
sehr gut halten; wahrscheinlich ebenso in der Regression zum ur- 
spriinglichen “in Wechselfeuchtwerdung begriffenen Schwingrasen”’, 
die inzwischen eingesetzt hat. 

Die Bestainde aus Nieuwkoop (Tabelle IJ, Aufnahmen 2-5) sind 
denjenigen aus Wanneperveen mehr 4hnlich, aber deutlich arten- 
armer. Diese Armut ist in erster Linie pflanzengeographisch bedingt: 
Arten wie Calamagrostis neglecta, Sanguisorba officinalis, Parnassia palustris 
fehlen in den siidhollandischen Sumpfgebieten vollig. Das fehlen der 
Assoziationskennarten des Cirsieto-Molinietum kann aber nicht in dieser 
Weise erklart worden: sie finden sich in kurzer Nahe. Die Bestande 
der Carex buxbaumii sind wohl auch etwas kulturbeeinflusst: Aufnahme 
2 kaum, Aufnahme 3 (Rhytidiadelphus squarrosus 5.5!) aber deutlicher. 
Letztere zeigt auch Anklange an der Hochstaudenflur des Valerianeto- 
Filipenduletum (Lathyrus paluster 2.1, Valeriana officinalis 2.2). 
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Carex buxbaumii gedeiht in dieser Vergesellschaftung optimal. Sie 
erreicht in zwei Aufnahmen eben die Dominanz 3; 1n N.W.-Overijsel 
ist mit 2 das Maximum schon erreicht. 


SUMMARY 


ON THE ECOLOGY OF CAREX BUXBAUMIL WAHLENB. IN EUROPE, ESPECIALLY IN THE 
NETHERLANDS 


Carex buxbaumii is a circumboreal species, rather rare in Fennoscandia and 
C.-Europe, very rare and scattered in Western Europe. It is characteristic of sedge 
swamps in succession to Jitter fen with oscillating phreatic level. Its ecological 
amplitude however seems not to be quite similar all over Europe. For an analysis 
of such differences vegetation tables (method of BRAUN-BLANQUET) from E.-France, 
S.-Germany, Poland, the Netherlands and Sweden are summarised and compared 
in table I. Going from S to N and from E to-W the species shows a tendency of 
preferring a more oligotrophic and moister habitat with a less oscillating water 
table. The dynamic and ecological position of the species within the Netherlands 
has been studied more in detail (table II). 
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SOME REMARKS ON THE SMALL-FLOWERED 
FORGETMENOTS 


GERDA VERBERNE 
(Hugo de Vries-Laboratorium, Amsterdam) 


(received March 27th, 1959) 


In early botanical history the conception of species concerning the 
small-flowered fortgemenots was still indefinite and uncertain. Even 
the genus Myosotis was only differentiated in 1719 by J. J. DILLENTUs 
from Cerastium, Echium, and Alsine. The latter genera were considered 
synonyms by authors such as M. Losexius (1581) and C. BAUHIN 
(1671). Similarly, C. Liynagus did not differentiate between the small- 
flowered species of Myosotis. He records in his ‘Species Plantarum”’ 


(1753), besides species that are less relevant in this connection: 


M. scorpioides: M. feminibus nudis foliorum apicibus callosis 
a. arvensis 
Myosotis foliis hirsutis 
B palustros 
Myosotis foliis glabris. 


Fortunately I had the opportunity to view some specimens of his 
collection. The Herbarium ofthe Hortus Cliffortianus (BM) contained 
M. scorpioides a arvensis and M. scorpioides palustris. The former was 
a young plant, in early flower, but as far as foliage, hairiness and 
habit were concerned, it undoubtedly belongs to M. arvensis (L.) Hill. 
The Linnean Herbarium (LINN) contained some forgetmenots which 
are recorded in Savage’s Catalogue as: 

180, M. scorprordes 
180, 2 K(alm) 
180, 3 M. foliorum apicibus callosis Gmelin 

After studying these plants I am of the opinion that they can be 
named as follows: 

180, 1 M. hispida Schldl. 

180, 2 M. discolor Pers. 

180, 3 3 specimens of the palustris group 
1 specimen M. arvensis (L.) Hill. 

Although Linnaeus did not regard these specimens as separate 
species they belong to species subsequently described by other authors. 


The following small-flowered forgetmenots are found in the 
Netherlands: 
M. arvensis (L.) Hill (1764) 
M. discolor Pers. (1797) 
M. micrantha Pall. ex Lehm. (1817) 
M. hispida Schldl. (1814). 
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The nomenclature of the above-mentioned species, however, is 
rather confused. In Dutch floras certain synonyms lasted a long time, 
notably: 
instead of M. arvensis (L.) Hill: M. intermedia Link (1821) 
instead of M. discolor Pers.: M. versicolor (Pers.) Sm. (1797) 
instead of M. micrantha Pall. ex Lehm.: M. arenaria Schrad. (1819) 
instead of M. hispida Schldl.: M. collina Hoffm. (1791). 

The name M. versicolor has been used until recently by many 
authors. A. E. WADE revealed in 1952 that “‘the name M. versicolor Sm. 
(1813, Eng. Bot. sub t. 2558) is antedated by M. discolor Pers. (in 1797 
Syst. Veg. ed. 15 p. 190 in obs.) which must, therefore, be adopted in 
its place.”’ G. Srrou (1942), however, in his nearly complete list of all 
synonyms of the species of Myosotis, already mentioned M. discolor as 
being synonymous with MM. versicolor (Pers.) Sm. 

The name M. micrantha was re-introduced by Strou (1934-35) 
when he called attention to LEHMANN (1817) who quoted from the 
letters of PALLAS. 

The epithet collina Ehrh. was first used by G. F. Horrmann in 1791. 
It was not clear, however, which taxon was meant. H. G. L. REICHEN- 
BACH (1822) was the first to use M. collina Ehrh. beside M. versicolor 
Roth. From the description and the quoted synonyms it is evident that 
Reichenbach’s M. collina belongs to M. hispida. F. C. Mertens and 
W. D. J. Kocn (1826) observe, however, that the sample from 
Ehrhart’s Herb. 51 is actually a specimen of M. discolor. A. E. WADE 
is of the same opinion and considers the name M. collina a nomen 
ambiguum (1951), as stated in article 62 of the International Rules 
of Botanical Nomenclature (1935) (cf. art. 65 Int. Code of Bot. Nom. 
1956). Therefore the ‘name M. collina cannot be adopted instead of 
M. discolor. 


Among the four above-mentioned species, Myosotis micrantha Pall. 
ex Lehm. holds an exceptional place in being rather uniform in its 
morphological characteristics throughout its distribution. Although 
a comprehensive treatment of the characteristics is here impossible, 
a few of them have been selected for discussion. I have attempted to 
support my taxonomic concepts by carrying out measurements on a 
few morphological features. It has been known for a long time that 
the ratio of the length of the lower fruit pedicel to that of the lower 
fruit calyx is small as compared with the other three species. From 
measurements it appeared that this ratio lies far below 0.5 and averages 
0.26 (50 measurements). 

The oblong form of the fruit calyx itself which can be expressed as 
an index, is also very characteristic (though M. discolor approaches 
this index most). 

These two characteristics, combined with the very different hairi- 
ness, show an unmistakable difference with those of M. hispida (Fig. We 
We emphasize this on purpose because, especially in the Dutch 
herbaria, these two species: M. micrantha and M. hispida, especially 
a form which usually grows on sand dunes but also elsewhere, have 
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Fig. 1. Hairiness on the under-surface of the leaf—a. M. micrantha Pall. ex Lehm.; 
b. M. hispida Schldl.; c. M. arvensis (L.) Hill; d. M. discolor Pers. 


been confused. This form shows a resemblance to M. hispida var. 
dunensis Buchenau. BucHENAu (1881, p. 100) described it from the 
West- and East-Frisian Islands, as being characterized by short 
pedicels and a slender habit. This confusion probably originated 
because of these short fruit pedicels, although — in my opinion — 
this dune form is, apart from this, still in other ways different from the 
typical form of M. hispida. The differences in the habit are as follows: 
The plant is shorter and less leafy; the lower fruit calyx is shorter and 
the index fruit-pedicel/fruit-aclyx is less than the typical form; the 
fruit calyx is more closed. 

To support my description with exact data, measurements were 
carried out on several organs of the typical form of M. hispida and 
its “dune form”’; likewise of MM. micrantha. The results were compared 
and tested according to Witcoxon (1955). For this purpose the 
Heo items come into consideration (each time 50 measurements; 
Tipe. 

1. absolute length of lower fruit-calyx (a) 
2. index length pedicel/length fruit-calyx (a/b) 
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3. index width fruit-calyx/length fruit-calyx (c/a). If the calyx was 
bulging the maximum width was measured., if not then measure- 
ment was made half-way the calyx-heigth. 

4. index width on top of the fruit calyx/width of fruit calyx (d/c). 

Nevertheless, the similarity of the dune form and the typical form 
is still so evident that no mutual significant differences could be shown 
concerning points 1 and 3, but concerning points 2 and 4 significance 
was clear (Figs. 3 and 4). Therefore can be concluded (point 2) that 
the characterization of BUCHENAU is still applicable and that (point 4) 
the fruit calyx of the dune form is more closed. 

Differences are to be seen in all the points mentioned between 
M. micrantha and the dune form of M. hispida. 

Flower measurements have also been carried out. As yet it will only 
be said that there are significant differences between M. micrantha 
and the dune form, as far as the style length is concerned, and also 
between the dune form and the typical form. In this respect the dune 
form is intermediate between M. micrantha and the typical form of M. 
hispida, the latter having the longest styles. 

Foreign and Dutch material as well as my own field observations 
indicate a positive correlation between this short form and its habitat: 
dunes, sandy open grounds, chalk cliffs, etc. This correlation suggests 
the presence of oecotypes but my experiments on this subject are still 
in progress. 

On the other hand, the few specimens of M. micrantha from the Dutch 
dunes did not show any differences that could suggest a distinct form. 
The material examined, however, shows that since 1915 M. micrantha 
has no more been found in the dunes. In this respect, no conclusions 
can yet be drawn. 


The existence of a distinct form of M. arvensis (L.) Hill is indicated 
by the Dutch and, to a less extent, by the Norwegian material. This 
form is characterized by a rigid appearance; the fruit pedicels on one 
plant do not differ much from each other, and the lower pedicel has 
an index pedicel/fruit calyx which is much less than that of other 
M. arvensis. M. arvensis, however, has several forms and is variable in 
such characteristics as foliage, diameter of the corolla, form and 
proportions of the fruit calyx. Nevertheless, my attention was drawn 
to the above-mentioned form, because D. Lako, among others, has 
collected it and classified it as M. hispida var. major Lako (1916) in 
M.S.S. He gave the following description of this form in M.S.S.: 
“Large, well developed plants, with clearly visible inflorescence 
normally divided into two branches; the upper leaves rounded at the 
base; calyx’ teeth rather sharp. Height up to 0.40 m. Flowering-time 
May-September. Along roads and dikes, on cultivated grounds, on 
sand and clay soils.” 

The description as well as the flowering-time and given habitat 
point to M. arvensis. 

Lako was not the only one who wanted to classify this form as 
M. hispida: many other collectors were of the same opinion, although 


Oo 
e 


SOME REMARKS ON THE SMALL-FLOWERED FORGETMENOTS 


pees Fig. 4. Width on top of fruit-calyx/ 
width fruit-calyx—a. M. micrantha Pall. 
ex Lehm.; b. M. hispida Schldl., dune 185 
al form; c. M. hispida Schldl., typical form. fe 


Yo i 


b 124 


Fig. 2. Scheme. ] 
8 
6-4 
20 
“] 
18 


30, 9° 150. 210 


120 180 240 7 


10 30 50 7% 


{0 b 
b- 
6 
4 
2 
’ 204 
10 30 50 70 90 110 130 Y% ] 
18 
7] 1674 
§ 10 144 
3 | ( 
ok 8 v {2-4 
Sila SS 
& 6 S 104 
So 3 
8 4 oie 
Se Ss 
S 24 << 
mm. 
= SS SS 4 
10 30 50" 70) * 90) “410” 130)" 450) {7a 190 210 230 250 270. 290 310 330 350 % 8 
s 


Fig. 3. Fruit-pedicel/fruit-calyx—a. M. micrantha Pall. ex Lehm; b. M. 
hispida Schldl., dune form; c. M. hispida Schldl. typical form. 


30 9 
60 9 109 gr"? (a 


GERDA VERBERNE 33D 


perhaps less consciously. In the whole pattern of characteristics, too 
much value is credited — in my opinion — to the relatively short fruit 
pedicels. For this reason many felt compelled to classify this form 
under M. hispida. In this way, other characteristics such as size of 
the plant, foliage and flowering-time were neglected. When these 
characteristics are analysed mathematically (each time 50 measure- 
ments) and tested according to Witcoxon (1955), the index fruit 
pedicel/fruit-calyx of this form appears to differ significantly from the 
remaining M. arvensis as well as from M. hispida (Fig. 5). 

Regarding the length of the fruit calyx it is also evident that we 
are concerned with an intermediate form, the differences being 
significant. The dimensions of M. “hispida var. major’ show more 
resemblance, however, with those of M. arvensis. 

The ratio of width and length of fruit calyx showed peculiar results: 
between MM. arvensis and M. hispida hardly any differences were to be 
seen. The above-mentioned form, however, shows a lower ratio than 
the other ones. 
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The flower itself was measured too, but the material was insufficient 
to give any mathematical support. There are reasons to presume, 
however, that the form of the flower, the more or less flat corolla 
lobes and the related indices of corolla tube and total corolla length 
— which differ notably between M. hispida and M. arvensis —— point 
to a relationship with M. arvensis (Fig. 6). 


Fig. 6. Corolla shape—a. M. hispida Schldl., typical form; b. M. hispida Schldl. 
var. major Lako; c. M. arvensis (L.) Hill. 


Also the hairiness of the plant and the colour and form of the nutlets 
show more affinity with M. arvensis (Fig. 1). 

But this form evidently differs from M. arvensis with regard to its 
entire habit and the above-mentioned details. The question arises 
what taxonomic status should be accorded to it. By studying the 
literature it appears that many varieties and formae have been created, 
but that none of these meet the requirements of this form. When 
reading (e.g. M. J. Cop (1846), E. ZEDERBAUER (1923), A. CHEVALIER 
(1941)) that M. arvensis shows a seasonal dimorphism and may vary 
from year to year due to light, soils, humidity, etc., then it is perhaps 
better to agree with CHEVALIER who does not identify as to subspecific 
taxa but describes oecotypes to be expect for different surroundings. 

One must not forget that not so many differences appear in the 
descriptions of these taxa respectively oecotypes but, above all, that 
the underlying points of view are different. 

Unfortunately we cannot, because of a lack of data, relate this 
form to its habitat. 
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THE DIFFERENT STRUCTURE OF 2HE 
ROSTELLUM IN OPHRYDEAE AND NEOTTIEAE 
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(Hugo de Vries-Laboratorium, Amsterdam) 


(received March 25th, 1959) 


The rostellum in orchids is the organ that forms the viscid liquid 
which makes it possible for the pollinia-to stick to the bodies of visiting 
insects. The pollinia are then taken along and may be deposited 
wholly or partly on the stigma of another flower. The rostellum, how- 
ever, does not occur in all orchids, viz. not in the Cypripediordeae 
(Diandrae), which do not possess pollinia. It is present in practically 
all the Orchioideae (Monandrae), on the other hand, but often has very 
different structures. In the group including Ophrys, Platanthera, Haben- 
aria etc., it forms the viscid discs (viscidia), and in the other groups it 
usually consists of one single gland (viscidium), such as in Goodyera, 
Spiranthes and Epidendrum, whereas the simple gland, as we find it in 
Vanda and related genera, is moreover, characterized by a stipes, 1.e. 
a tissue tape of the column formin ghe connection between the viscid 
disc and the pollinia. 


§ 1. ‘THE DIVISION IN THE ORCHIOIDEAE 


When gradually a great number of orchids became known and 
when little by little, the pioneering work of LinDLEy (1853) made it 
possible to compile a survey of the Orchidaceae REICHENBACH (1868) 
was the first to stress the differences between the Ophrydeae (Anthera 
cum columna connata) on the one hand, where the anther is inter- 
grown with the column, and the Operculatae (Anthera demum a 
columna libera, secedens saltem) on the other hand, in which the 
anther is completely free or is fixed only at the base (1868 p. 293). 
PrirzerR (1889) distinguished the same two groups, be it under different 
names, viz. as Basitonae versus the Acrotonae, according to the place 
where the viscid liquid comes into contact with the pollinia. With 
the Basitonae (Fig. 1) the viscid liquid is at the base of the vertical or 
reclining anther, so that the pollinia contact the viscid liquid at their 
bases. In the great majority of the Acrotonae (Fig. 2), on the other hand, 
the anther is prone and on top of the column, and then the pollinia 
touch the rostellum with their top and they consequently stick with 
their top to the viscidia; sometimes there is a stipes between the viscid 
liquid and the pollinia. ‘The Basitonae include only the tribus Ophrydeae, 
whereas the Acrotonae consist of the tribus WNeottieae, Epidendreae and 
Vandeae, as they were distinguished by BEnrHam and Hooker (1883). 
MansFELD (1954) made another division, viz. in the contribus 
Thrauosphaereae with loosely constructed pollinia, to which the Ophrydeae 
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and the Neottveae belong, and the contribus Aerosphaereae with the tribus 
Epidendreae and Vandeae with waxy. or cartilaginous pollinia. It has 
been found that the WNeottieae, which, according to PrirzER, belong 
to the Acrotonae-Polychondreae are not by far all of them acrotonic: 


Fig 1. Fig. 2. 


Fig. 1. Column of Platanthera bifolia (L.) Rich. as an example of a basitonic orchid: 

the bases of the pollinia are attached to the viscid discs of the rostellum; s: three 

stigma-lobes; vd: viscid discs; r: tape of the rostellum connecting the viscidia; 
au: auricle; a: theca of the anther. 


Fig. 2. Column of Goodyera repens (L.) R. Br. as an example of an acrotonic orchid: 
the top of the pollinia is attached to the viscid disc(r) of the rostellum; c: column; 
s: stigma; a: anther; r: rostellum on the backside of which the pollinia are seen 


(dotted). 


some genera, e.g. Cephalanthera, have vertical anthers, others are 
slightly prone, e.g. in the Australian genera Leptoceras and Pterostylis; 
in these cases the viscid liquid is deposited in the middle of the pollinia 
(pleurotonic). Mansfeld, consequently holds that the nature of the 
pollinia prevails over the attachment of the stamen and the clinging 
to the viscid discs, in my opinion unjustly, although it is true that in 
the Neottieae there exist all kinds of transitions between basitonic and 
acrotonic orchids. 


§ 2. ‘THE ROSTELLUM 

The rostellum, as a technical term, was first introduced in orchidolo- 
gy by Ricuarp (1818), who defined the term as follows: ““Supernus 
stigmatis processus ultra gynizus (= areo stigmatis viscoso-madida) 
plerumque ad epicam angustatus . . .’ Apparently this definition 
was inspired by the genus Orchis and related genera, where the rostel- 
lum is situated between the bases of the thecae (Fig, 3, r), so above the 
stigma, as a fold with at its base the bursicle, containing the viscidia. 
In cases where the rostellum does not consist of such a vertical part, 
it is sometimes hard to recognize. RicHARD states, that the genus 
Platanthera has no rostellum. Here it is difficult to observe it as a separate 
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organ, but it must be considered as the tissue tape above the stigma, 
which on either side ends in a viscid disc (plate II, 5 c). For according 
to the present conception the viscidia should be considered as parts 
of the rostellum. If R1cHARD says that there is no rostellum in Pla- 
tanthera, we apparently have to conclude from it, that there is no 
distinctly differentiated tissue tape; there are, however, two viscid 
discs. 


Fig. 3. Column of Dactylorchis majalis (Rchb.) Vermln. (= Orchis latifolia auct.) ; 
s: three stigma-lobes; b: bursicle containing the two viscid discs; r: tape of the 
rostellum connecting the viscid-discs; aur: auricle; a: two thecae of the anther. 


Sometimes, such as‘in Orchis, Dactylorchis etc., the viscidia are more- 
over covered with a bursiclé; an enveloping tissue; these bursicles too 
belong to the rostellum. 

In Epipactis, Goodyera etc., as representatives of the Neottieae, the 
rostellum is much simpler and consists of one single gland centrally 
situated on top of the stigma. Sometimes this rostellum is a viscid disc, 
which sticks to visiting insects, sometimes the rostellum forms viscid 
liquid, which is pressed out on being touched and which ensures the 
attachment of the pollinia, as in Listera and Neottia. 


§ 3. ‘THE HOMOLOGY OF THE ROSTELLUM. ROBERT BROWN, DARWIN, 
EICHLER 


The first author who occupied himself with the homology of the 
rostellum was RoBerT Brown. He mentions the result of his research 
in 1833, as usual, in very prudently formulated terms. From this it 
appears that in the opinion of BRown the viscid discs belong to the 
median stigma-lobe, though it is not definitely stated that they are 
homologous with it. t 

R. Brown (1833 p. 699) said: ‘““The result of my examination of 
this point satisfied me that Orchidaceae have in reality three stigmata, 
generally more or less confluent, but in some cases manifestly distinct, 
and two of which are in several instances even furnished with styles 
of considerable length” and (p. 701) “In most other cases (in which 
the lateral stamina are not perfect) the anterior lobe, or that placed 


THE DIFFERENT STRUCTURE OF THE ROSTELLUM 341 


opposite to the perfect stamen, and deriving its vessels from the same 
cord, manifestly differs both in form and texture from the other two. 
To this anterior, or upper lobe, as it generally becomes in the expanded 
flower, the glands always belong to which the pollen masses become 
attached, but from which they are in all cases originally distinct, as 
may be proved even in Ophrydeae.” 

LinDLey (1853) speaks about a gland belonging to the stigma. 
Considering that Lindley ascribes a small rostellum to the genus 
Habenaria, 1 wonder which part of this organ the author had in mind. 

In 1882 CHartes DARwIN published the first edition of his splendid 
work ‘““The various Contrivances by which Orchids are fertilised by 
insects’ and it contains BRown’s hypothesis in the extreme form, viz. 
that the median stigma-lobe has disappeared and has been replaced 
by the rostellum, in other words, the rostellum is homologous with the 
median stigma-lobe, which has lost its function as stigma. So in the 
Monandrae or Orchioideae there are only two fertile stigma-lobes: the two 
lateral ones. DARWIN said (1890 p. 248): ‘“There is no reason to believe 
that the whole of this upper stigma, and not merely a part, has been 
converted into the rostellum; for there are plenty of cases of two 
stigmas, but not one of three stigmatic surfaces being present in those 
Orchids which have a rostellum.” We find the same hypothesis in 
the Bliitendiagramme by E1cHLer, and owing to the work of those 
two brillant scientific workers this became the generally accepted 
conception of the rostellum, found in all textbooks (Fig. 4). 


Fig. 4. Floral diagrams of resupinate flowers of the Orchioideae (Monandrae). Left 
figure by Darwin as suggested by John Lindley; right one by Eichler as suggested 
by Robert Brown. B: bract; Sede sepals; bys Fe: lateral petals; P;: lip; Aj, 
A,, Ag: stamens of the outer whorl; a,, ay, a3: stamens of the inner whorl; s: lateral 
stigma-lobes; s;: rostellum; sty, Sty, Sts: stigma-lobes. In Darwins diagram the stamens 
A, and A, of the outer whorl form part of the lip; a, and a, are staminodes. 


Gre THE HOMOLOGY OF THE ROSTELLUM ACCORDING TO HAGERUP 


Hacerup (1952, p. 134) posited a different theory; he started from 
the prototype of the Monocotyledon-flower, which possesses two whorls 


of three stamens: an outer whorl opposite the sepals and an inner 
whorl opposite the petals. Hagerup, who examined the flower of 


342 P. VERMEULEN 


Herminium monorchis (L.) R. Br., was of the opinion that the viscid discs 
were homologous with the lateral stamens of the outer, whorl, while 
there was, moreover, a gland instead of the median stigma-lobe: so 
there would be “two different kinds of viscid organs’. In Dactylorchis 
maculata (L.) Vermln (= Orchis maculatus L.) he considered the bursicle 
homologous with the two lateral outer stamens and the auricles with 
the two lateral inner stamens. HaceRup is therefore trying to find an 
explanation for the two glands of the Ophrydeae. (Fig. Dis 


Fig. 5. Floral diagram of a resupinate flower of Herminium as suggested by Hage- 
rup. A, and A, form the viscid discs; a, and a, are staminodes; A, is the fertile 
stamen. 


§ 5. CriTIcIsM OF HAGERUP’S, THEORY 


Two arguments may be advanced against this theory: 

1. Ifit were true that the viscid discs resp. the bursicle of Herminium, 
Orchis, Dactylorchis, etc. are homologous with the outer stamens, the 
latter would lie more inwards than the auricles, which correspond 
with the inner stamens, since they lie nearer to the stigma, which forms 
the centre of the flower. In this case these organs would have been 
transposed, which seems very unlikely. 

2. The theory does not take into consideration the remarkable 
zygomorphy of the orchid flower. In some families of the Mono- 
cotyledoneae there is a tendency to keep three of the six stamens fertile, 
viz. those turned away from the axis in their bud-stage, consequently 
the three ventral ones: the median one of the outer whorl and the two 
lateral ones of the inner whorl; the three dorsal ones either become 
smaller or sterile or they disappear altogether. This tendency is appa- 
rent in the Commelinaceae, in the Pontedertaceae, in the Apostasiaceae and 
finally, in the most extreme form, in the Orchidaceae. The Commelinaceae 
show all the transitions between six fertile stamens and three dorsal 
sterile and three ventral fertile stamens. Some genera of the Ponteder- 
zaceae have three long and three shorter stamens as a result of their 
trimorphy, but there too, the dorsal ones are unlike the ventral ones. 
The Apostastaceae have only the ventral stamens developed, the others 
have completely disappeared. ‘This is seen best in Meuwedia (plate I, 
la & 1b), where all three ventral stamens are fertile. In the genus 
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Plate I. la and 1b: Cross sections through the flower of Neuwiedia veratrifolia 
Blume; la: lower one with column; 1b: higher one with style and three anthers; 
2: longitudinal section of flower of Diuris semilunulata Messmer ; 3: id. of Prasophyllum 
elatum R. Br., the viscid disc has a long thread; 4a and 4b: cross sections of flower of 
Epipactis helleborine (Mill.) Crantz; 4a with three stigma-lobes; 4b with median lobe 
and viscid disc. a: anther; A,: anther of the outer whorl; a, and a,: lateral anthers 
of the inner whorl; cog: vascular cord of anther A,; cog: vascular cord of anthers 
a, and a,; cos vascular cords (3) of stigma; fil: filament; ov: ovary; P,, P,: lateral 
petals; P,: median petal or lip; p: pollen; S,, S,, Sg: sepals; s: stigma-lobes (3); 
sp: third or median stigma-lobe; st: style with vascular cords (3); vd: viscid disc. 


Apostasia we find a condition which may be compared with that of the 
Cypripedioideae: of the three ventral stamens the two lateral ones of 
the inner whorl are fertile, the median one of the outer whorl is 
sterile. In the Orchiotdeae only the median ventral stamen of the outer 
whorl is fertile; the lateral stamens have either disappeared altogether 
or they have remained only as staminodes. 

One sometimes wonders if perhaps in the Ophrydeae this state has 
developed from a flower with only three outer stamens (as in the 
Tridaceae); in that case the median stamen would remain if there were 
a tendency to promote the ventral part of the androecium. In my 
opinion an argument for this theory is that if there is an extra stamen, 
as happens sometimes, it is always a lateral one of the outer whorl. 
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Plate II. 5: Three cross sections of a flowerbud of Platanthera bifolia (L.) Rich. 
5a: lowest section with three stigma-lobes; 5b: somewhat higher with viscid discs 
on the place of the lateral stigma-lobes, third stigma-lobe still present; 5c: still 
higher, rostellum separated from the anther and still with the third stigma-lobe. 
6: Three cross sections of a flowerbud of Platanthera chloranha (Cust.) Rchb. 6a 
lowest section: column with three stigma-lobes and viscid discs at the end of the 
lateral lobes; 6b higher section showing caudicles separated from the stigma tissue; 
6c still higher with rostellum and anther with auricles and caudicles. a: anther; 
aur: auricle; cau: caudicle; P,, P,: lateral petals; P,: lip; r: rostellum with top of 
median stigma-lobe (sm) ; s: stigma-lobes; sm; median stigma-lobe; S,, S,, S3: sepals; 
vd: viscid discs. 


If the conception of zygomorphy, as here presented, is true, it seems 
extremely unlikely that the lateral (dorsal) stamens off the outer whorl 
should develop as viscid discs. 

The order of the Xingiberales differs from the families mentioned, 
in that of the two whorls of stamens all the four lateral ones are either 
fertile or staminodes; one of the median stamens is usually sterile and 
one fertile, but the tendency: promotion of the ventral opposite the 
dorsal ones in both whorls is lacking. 


§ 6. CRITICISM OF DARWIN-EICHLER’S HYPOTHESIS 


If the hypothesis of DARWIN-EICHLER were true, the Orchiotdeae or 
Monandrae would include no species, which possess three stigma-lobes, 
since the median stigma-lobe has become a rostellum. In my previous 


THE DIFFERENT STRUCTURE OF THE ROSTELLUM 345 


article, The Rostellum of the Ophrydeae (1955), I showed, however, 
by means of photographs of sections of flowerbuds of the genera 
Orchis, Galeorchis, Ophrys and Himantoglossum, that these have indeed 
three stigma-lobes. This also applies to the genera Dactylorchis, Coelo- 
glossum and Platanthera and several more. Moreover all these genera 
possess a rostellum, which proves therefore, that rostellum and third 
stigma-lobe cannot possibly be homologous. The rostellum, I argued, 
must be considered as a new organ, which is characteristic of the 
Orchiotdeae, just as the corona is a new organ for the Asclepiadaceae. It is 
remarkable that in the two families where a new organ has appeared, 
there are also pollinia, and small transport organs, retinacula and 
translators resp., are developed. 


§ 7. SERIES OF DEVELOPMENTS OF THE ROSTELLUM ACCORDING TO 
DARWIN 

In Chapter LX of his book, under “Gradation of Organs’”’, DARWIN 
(1890) deals with a series of developments from Anacamptis with only 
one single viscid disc to Coeloglossum viride (L.) Hartm. (= Platanthera 
viridis (L.) Lindl. = Habenaria viridis (L.) R. Br. = Peristylus viridis 
(L.) Lindl.) with two separate discs, connected by a roof-shaped tape 
of the rostellum (Fig. 6). Darwin then says: “These facts are intelligible 
only on the view, that, whilst the two discs were gradually brought 
together, during a long series of generations, the intermediate portion 
or summit of the rostellum became more and more arched, until a 
folded crest, and finally a solid ridge was formed” (Darwin, 1890 p. 
256). I completely agree with this view of Darwin’s. ‘The development 
of bursicles particularly in the genera with a folded crest is another 
indication of the truth-of the conception that this state is a derived 
one and not primitive. 

It is then obvious to assume, however, that the roof-shaped tape is 
not the most primitive state, but that we should look for this among 
those genera where this tape is almost straight and lies immediately 
above the stigma. I think I have found an example of this in the genus 
Platanthera. In some species of that genus, which is distinguished from 
Habenaria in that the stigma forms a whole, has three lobes and not 
two, both thecae diverge considerably and the connective 1s very 
broad, as in P. chlorantha (Cust.) Rchb., P. hookeri Torr. ex Gray and 
P. orbiculata (Pursh) Torr. (the latter two are American species) ; this 
state must be considered as derivative. The European species P. bifolia, 
on the other hand, has a practically normal connective and, here, 
where the rostellum does not form an arched ridge above the stigma, 
I suppose to have found a primitive species. P. blumet Lindl. from 
Indonesia has already a somewhat diverging connective but a primitive 


rostellum as shown in fig. 11. 


§ 8. ‘Two SERIES OF DEVELOPMENT sa 
In the genus Platanthera we find a rostellum consisting of a narrow 

tissue tape above the stigma, with on either side a terminal para 

viscid disc (plate II, 5). In P. byfolia the viscid discs lie quite near an 
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opposite each other, at the foot of the thecae at the end of the caudicles 
of the pollinia. In the frogorchid (Coeloglossum viride = Peristylus 
viridis , which distinctly possesses three stigma-lobes (See SCHLECHTER, 
1928 Tafel 30 nr. 117 and VERMEULEN, 1958 1s fist. op. 40)ethe 
rostellum begins to detach itself from the stigma so to say: the rostellum 
takes on a roof-shape and the viscidia get a little closer to each other 
(Fig. 6). In Herminium the tape of the rostellum has the shape of a 
horse-shoe. In the genera Gymnadenia and Nigritella the arching has 
developed to such an extent that both halves of the tape have come 
so near to each other that there remains only a narrow interstice In 
between, which shows how this crest has come about. 


r 


Fig. 6. Column of Coeloglossum viride (L.) Hartm. (= Peristylus viridis (L.) Lindl.) ; 
s: three stigma-lobes; vd: viscid discs; r: tape of the rostellum connecting the viscid 
discs; aur: auricle; a: thecae of the anther. 


Ricuarp (1818) speaks of a “‘rostellum fissum’’. We find a similar 
rostellum in Orchis, Dactylorchis (Fig. 3), Galeorchis, but here a bursicle 
has developed around the viscidia. In the genus Anacamptis the viscid 
discs are connate and ringshaped and both halves of the tape of the 
rostellum have become a simple ridge between the thecae. ‘This genus 
forms the end of the series on the one side. For the series on the other 
side, we can start again with Platanthera, but now with P. chlorantha: 
here the connective has become broad and the thecae are separated 
from each other. The viscid discs lie at the ends of the caudicles of the 
pollinia: so the rostellum has become longer. We find a similar state 
in Blephariglottis ciliaris (L.) Rydb. (= Habenaria ciliaris (L.) R. Br.) 
from North America, but here the ends of the two thecae project 
from the column. The tendency of the thecae to become longer also 
communicates itself to the arms of the rostellum, which is necessary 
to bring the two viscidia near the ends of the caudicles. We see a 
similar symptom in the genus Pectezlis, e.g. in P. susannae (L.) Raf. 
(= Platanthera susannae (L.) Lindl. = Habenaria susannae (L.) R. Br.) 
from Indonesia. In the genera Blephariglottis and Pecteilis the stigma 
has remained simple, i.e. it has three lobes. In the genus Habenaria 
sensu stricto there are two stigma-lobes in which, in some species, have 
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hardly become longer, but which, in other species, have clearly deve- 
loped into separate stigmaphores. The median stigma-lobe has not 
been developed. In the species Habenaria arietina Hook. f. the projecting 
parts of the thecae are very long, but the ends approach each other 
very closely, just as the ends of the rostellum and the two viscid discs, 
so that a visiting insect will easily take along both pollinia. We find 
a similar state in the South African genus Bonatea (Fig. 7 en 8); here 
there are also two long stigmaphores; the rostellum has become crest- 
shaped (this crest is perhaps part of the receptacle grown upwards) and 
completely clear of the anther, but yet the two rostellum arms develop 
to such an extend that the viscid discs come to lie near the end of the 
caudicles of the pollinia. 


Fig. 7. 


Fig. 7. Side view of the column of Bonatea speciosa (L. f.) Willd. ; ov: ovary; sp: spur 
of the lip; st: stigmaphores; s: two stigma-lobes; vd: viscid discs; r: parts of the 
rostellum; aur: auricle; a: thecae of the anther. 


Fig. 8. Column of Bonatea speciosa (L. f.) Willd. seen slantingly from above; the 
letters are the same as in fig. 7. The small figure on the right gives a cross section 
through line x-y; r: rostellum; th: theca; cau: caudicle of the pollinium. 


In the genus Platanthera the rostellum completely surrounds the 
upper part of the stigma. In other genera, however, on the one hand 
the rostellum detaches itself entirely and forms a fold, the two discs 
intergrowing, on the other hand the arms of the rostellum become 
considerably longer, and finally approach each other, because of 
which the viscidia also come to lie near each other. 


§ 9. OPpHRYDEAE OF THE SOUTHERN HEMISPHERE. THEIR ROSTELLUM 


South Africa is a centre for the development of the Ophrydeae in the 
Southern Hemisphere. Here we find the genus Disa with more than 
a hundred species, which is characterized by a distinct three-lobed 
stigma. Botus (1918 p. 67 and p. 68), who accepts Darwin’s theory, 
nevertheless mentions that in Disa maculata L. f. and in Disa uniflora 
Berg. the stigma is three-lobed. ‘The most striking feature of the column 
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in this genus is that the stigma is indeed right above the ovary, so that 
the rest of the column must consist of the receptacle with the anther; 
otherwise we should have to assume that the column above the stigma 
were the filament; usually the rostellum is a more or less curved tape 
here, but clearly separated from the stigma. In some species, however, 
there is only one viscidium (sections Monadenia & Herschelia — LINDLEY 
considered these two as separate genera). 

In the genus Satyrium the flower is not resupinate and the labellum, 
bearing two spurs, is turned upwards. The column splits in two parts 
at the top, one part bearing the stigma, the other part, turned down- 
wards, is considered to be the rostellum (Fig. 9); it bears two viscidia 
at the sides, with which the caudicles combine. Here the anther is 
reclined, so that the dorsal part touches the column. Because of this 
remarkable structure of the column forsion of the flower is not necessary 
to make pollination possible all the same. In the species Satyriwm 
ryncanthum Bolus the two viscid discs have intergrown again and the 
rostellum is very small. 


Fig. 9. Side view of the column of Satyrium nepalense Don; vd: viscid discs; r: 
rostellum; s: stigma; aur: auricle; c: column; a: thecae of the anther; cau: caudicle 
of the pollinium. 


In the genus Holothrix there is only one viscid disc, but it seems as 
if here the whole rostellum is taken along, for between the places where 
the pollinia are connected there is a projecting part, corresponding 
with the “crest” in Anacamptis. Also in the other South African genera 
Pterygodium, Ceratandra, Disperis, it gives the impression that again and 
again the rostellum is a crest with the viscidia at the ends; where 
there is only one viscid disc, this seems a derived condition. In these 
last mentioned genera, one also finds — just as in Habenaria s.s. — 
two distinct stigma-lobes. Apart from Satyrium there is a similar 
condition in the South African genera as in the Northern Hemisphere 
ones: a rostellum consisting of a tissue tape with two viscid discs 
at the ends. 


§ 10. ‘THE ROSTELLUM IN THE NEOTTIEAE 
The rostellum in the WNeottieae is completely different. Here is no 


question of a tissue tape nor of two viscid discs. On the contrary, here 
the rostellum, the organ producing the viscid liquid, consists of one 
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simple gland. In the most primitive representatives of the tribus, e.g. 
in the genus Cephalanthera, the rostellum is lacking; perhaps the upper 
ridge of the stigma, rich in viscid liquid, may be regarded as a rostellum. 
The stigma here is very rich in viscid liquid and with the help of this 
sticky secretion the pollinia are indeed stuck to the visiting insects. 
So this is apparently a primitive state. In the related genus Epipactis 
we find a number of species which possess a rostellum, lying in the 
middle above the median stigma-lobe and which looks like a simple 
gland. In some Epipactis-species, however, there seems to be no rostel- 
lum, e.g. in E. leptochila (Godf.) Godf., E. mueller: Godf., E. confusa 
Young etc., and one wonders whether here we have to deal with a case 
of reduction or with a primitive state reminiscent of Cephalanthera. 
The latter does not seem excluded. 

A rostellum consisting of one simple gland is indeed the ordinary 
state in the Neottieae, both in the genera of the Northern and the 
Southern Hemisphere. Goodyera, Spiranthes, Diuris (plate I, 2), Glossodia, 
Thelymitra, Caladenia etc. always show a simple rostellum. In the Aus- 
tralian genus Prasophyllum the rostellum is very long and a thin thread 
forms the connection between the gland and the pollinia (pl. I, 3); 
in Acianthus it gives the impression that the rostellum is split (Rupp, 
1943). In general, however, these appear to be exceptions. Sometimes 
the gland lies right above the stigma, but in Goodyera (Fig. 2) the gland 
is fitted in between two teeth, distinctly separated from the stigma. 
The teeth remain when the gland with the two pollinia is removed. 
In all these genera the stigma always forms a whole; because of the 
mucus, which more or less covers the stigma, it is hard to ascertain 
whether there are two or three lobes. I think that there are sometimes 
three, as in Cephalanthera, Epipactis, Spiranthes. Were there is no distinct 
separation between the stigma and the viscid disc, it seems as if the 
disc is more or less a continuation of the stigma, often only separated 
from it by means of a slight interruption (plate I, 4b). In Listera and 
related genera the rostellum consists of partitions, from which, when 
touched, viscid liquid is pressed out. 


§ 11. THE VASCULAR CORDS IN THE COLUMN 


Darwin gives an accurate description of the number of the vascular 
cords in the column of several orchids (1890, p. 239 note etc.). 

In the Neottieae we often find at the column small projecting parts, 
which are looked upon as staminodes. In most cases they contain no 
vascular cords and the supposition that we have to do with remnants 
of the lateral stamina of the inner whorl cannot be proved. In some 
genera, however, the lateral projecting parts are large, as in the 
Australian genera Pterostylis, Diuris, where the anther lies apart from 
the rest of the column (plate I, 2), Caladenia and Thelymitra, and they 
form wings at the column. It appears that these projecting parts 
contain vascular cords, which arise from the cords of the lateral petals, 
in which case they would be homologous with the lateral stamina of 
the inner whorl. Besides the vascular cords for the stamen and stamin- 
odes the column usually contains three cords. These cords are found 
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opposite the sepals. The median cord, which also provides for the 
rostellum, is well developed, apparently in connection with the double 
task which the cord has to fulfill. . 

In the Ophrydeae the gynostemium often has only one single vascular 
cord, which lies in front of that of the median sepal. This cord splits 
into two parts: one branch enters the connective and provides for the 
anther; the other branch apparently has to cater for the rest of the 
column and usually this branch leads to the rostellum. If the rostellum 
is broad as in Platanthera chlorantha, there yet remains one simple and 
that is the median vascular cord. I consider this state (one vascular 
cord) as a derived one, that of the Neottzeae (three vascular cords) as 
more primitive. 

In Habenaria arietina with two long stigmaphores, each of these also 
contains a vascular cord. (Is this also the case with Bonatea?). An 
exception is the genus Satyrium from Africa, with one single species, 
S. nepalense Don., occurring as far north as in the Himalayas. Here we 
find a long column, containing three vascular cords, of which the 
median one again provides for the rostellum and the stigma. Wether 
the same is the case in the other South African genera, I have not been 
able to investigate. 

In the Ophrydeae the anther nearly always has auricles, which 
Brown, Darwin and EICHLER consider to be staminodes. BROWN 
(1833), however, is in doubt, because in a flower of a Platanthera, which 
had an extra stamen, the latter also had an auricle at the side of the 
median, normal stamen. I have found a similar case in Dactylorchis 
maculata. ‘These auricles arein-my opinion to be considered as appen- 
dices of the stamen, as they are also found in the stamens of Allium 
(see my article ‘““The vanished stamens’ (1953)). In the Ophrydeae 
these auricles always contain raphides. They never have a vascular 
cord. The Neottzeae have more often staminodes but Epipactis (plate I, 4) 
and Cephalanthera have auricles. 


§ 12. ‘THE DIFFERENCES BETWEEN OPHRYDEAE AND NEOTTIEAE 


Comparing these two tribes, we find the following differences in 
the column: 


OPHRYDEAE 


Anther intergrown with its backside 
with the column, 


Column with anther with auricles, no 
staminodes. 


Pollinia with caudicles at their bases 
and basitonic. 

Rostellum more or less in the shape of 
a tape with a viscid disc on either end; 
sometimes one or two bursicles. 


Stigma one whole, with three lobes, or 
stigma with two separate lobes. 


NEOTTIEAE 


Anther connected with a broad base or 
only by means of the filament with the 
column. 

Column often with wings, which are 
probably staminodes; anther seldom 
with auricles. 

Pollinia never with caudicles; pollinia 
pleurotonic or acrotonic. 

Rostellum a simple viscid disc above the 
median stigma-lobe, consisting only of 
viscid matter or of a gland, forming 
viscid liquid, never bursicles. 

Stigma more or less clearly provided 
with three lobes or with two lobes, 
which always form a whole. 
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Besides other differences especially the one in the structure of the 
rostellum is apparent. DARwiIN concluded that the rostellum in the 
Ophrydeae was originally an organ with two viscid discs. Gradually a 
simple rostellum may have developed from this. In the §§ 8, 9 and 10 
I have tried to prove that these differences between the rostellum of 
Ophrydeae and Neottieae are essential and not accidental. How is one to 
imagine the original state in the Ophrydeae? 


§ 13. EpripAcTis GIGANTEA DOUGL. EX HOOK 


Accidentally my attention was drawn by the gynostemium of 
Epipactis gigantea Dougl. ex Hook., which was blossoming in the Am- 
sterdam Hortus Botanicus in 1958. This species, which has a movable 
epichilium at the hypochilium, like E. palustris (Mill.) Crantz, shows 
a peculiarity. For this point I have consulted CorRELL’s book “‘Native 
Orchids of North America’, 1950, page 129 of which gives a repro- 
duction of this species. The column, however, is not reproduced. Also 
in the case of Habenaria Correll’s book continually fails us. The 
American authors take as general a view of this genus as do BENTHAM 
and Hooker (1883), but they do not pay attention to the structure 
of the column, consequently they neither deal with the peculiarities 
of the stigma, nor with that of the rostellum. It is true that the structure 
of the perigone, in particular that of the labellum, is sufficient to 
determine the name of the species, but this does not give us sufficient 
insight into the relationship between the species, and that should be 
considered as one of the most important aims of systematics. 

The gynostemium of EF. gigantea shows a stigma with three lobes, 
and near or above these lobes three spots occur, which secrete viscid 
matter. Most viscid liquid is above the median lobe, close below the 


Fig. 10. Side Tew, (left) and front view of the column of Epipactis gigantea Dougl. 
ex Hook.; ov: ovary; c: column; v: sticking fluid on the side lobes of the stigma; 
s: three stigma-lobes; aur: auricle; r: rostellum; a: anther. 
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top of the anther and it is this which forms the rostellum. There is 
only a slight separation between the median stigma-lobe and this 
rostellum. With the help of the viscid liquid, formed by this small 
organ, the pollinia are stuck with their tops to the head of a visiting 
insect. The organ forming this viscid fluid is simple, as is always the 
case in the Neottweae. The two other spots forming viscid liquid are on 
short arms on the lateral stigma-lobes (Fig. 10). It does not seem 
probable that this viscid fluid plays a part in the transportation of the 
pollinia. In this connection it appears important to me, however, that 
not only above the median stigma-lobe a gland with viscid fluid can 
be formed, but that it seems probable that such glands can also arise 
above the lateral stigma-lobes. It seems important that this ability 
to form lateral glands is formed in the genus Epipactis, which shows 
primitive properties also in another respect: a rostellum is lacking 
in some species. 


§ 14. THE ROSTELLUM IN PLATANTHERA BIFOLIA (L.) RICH 


The fact that*viscid fluid is secreted also through the lateral lobes 
of the stigma in Epipactis gigantea suggested the idea to me that the 
two viscid discs of the Ophrydeae might have arisen or formed by and 
above the lateral stigma-lobes, whereas in this group viscid liquid 
would not be formed by or above the median stigma-lobe. If this 
thought should contain a substratum of truth, this state would have 
to be verified in primitive Ophrydeae, consequently in such species 
where the rostellum still lies above and against the stigma, and is 
not or hardly differentiated, such as in the genus Platanthera. Then the 
species with hardly broadened connective, P. bifolia, would have to 
show this the most clearly. A cross-section of the gynostemium has 
three distinct stigma-lobes (plate II, 5a). Indeed, the viscid discs 
answer the expectation; just as the viscid disc in Epzpactis lays above 
the median stigma-lobe, in the same way the two viscid discs of P. 


Fig. 11. Platanthera blumei Lindl. c: flower; a: flower without sepals and lateral 
petals, the lamina of the lip is cut away; b: column with; s: stigma; vd: viscid disc; 
r: tape of the rostellum; th: theca of the anther. ‘ 
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bifolia lay right above the lateral stigma-lobes and with P. blumei it is 
the same (Figs 11): 

In P. chlorantha, where the connective is already broadened con- 
siderably, the viscid discs lie beside the lateral stigma-lobes (plate IT, 
6a). Ifin these three Platanthera species, we speak of a rostellum, we can 
regard the two viscid discs as such and we can speak of a 
separate tissue tape, which connects them (plate II, 5c, 6c). It is true 
that the tissue on which the stigma is situated, continues for a small 
distance and there is even a separation between this tissue and the 
stamen. In my opinion this tape must be regarded as the primitive 
origin of the connecting tape between the viscidia, which, in other 
genera, forms an integral part of the rostellum. 


§ 15. GRADATION OF THE ROSTELLUM. CRITICISM OF BROWN 


The rostellum would consequently have developed from this primi- 
tive organ, hardly to be distinguished, into a separate tissue tape, 
which appears to be a separate organ. In one series there seem to be a 
tendency to detach this organ from the stigma. In Coeloglossum it can 
be distinguished as a roof-shaped ridge with at the ends the viscidia, 
which have approached each other but they are still in connection 
with and lying above the lateral stigma-lobes (Fig. 6). In Herminium 
the connecting tape is curved in the shape of a horse-shoe; in Galeorchis 
and Ophrys the two halves come closer until finally both touch each 
other in the genera Gymnadenia, Orchis, Dactylorchis (Fig. 3) etc. In the 
other series (Pecteilis, Habenaria, Bonatea) the connecting ridge between 
the viscid discs shows the tendency to lengthen and the viscidia are 
more separated; there is no question of a rising ridge. Both ends of 
the rostellum keep pacé with the lengthening of the thecae, as a result 
of which the viscid discs always remain at the ends of the pollinia 


(Fig. 7 & 8). 


Fig. 12. Floral diagrams of Platanthera bifolia (L.) Rich. (left) and Epipactis 

helleborine (Mill.) Crantz (right) as suggested by the author. B: bract; S: sepals; 

P: petals (P,: lip); A,: fertile stamen of the outer whorl with aur: auricle and cau: 

caudicle; A, and A;: place of the lateral outer stamens which are suppressed; 

14, ay, a3: stamens of the inner whorl which are all suppressed; rost: rostellum; 
vd: viscid discs of it; st,, stg, stz: fertile stigma-lobes. Flowers resupinate. 
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In several genera of the Ophrydeae there is a tendency to reduce the 
median stigma-lobe so as in Gymnadenia and Anacamptis (VERMEULEN, 
1958 p. 31 fig. 10, 4 and p. 51 fig. 23, 5). This lobe is situated opposite 
the anther which is normal. In Habenaria s.s., Bonatea and several 
other South African genera the third stigma-lobe has totally dis- 
appeared, whereas the thecae of the anther are more or less lengthened 
at their base. The rostellum ridge is lengthened in the same way. 
This may be an indication the more that the ridge does not belong to 
the third lobe but behaves as an independant organ (VERMEULEN, 
1954). Sometimes the middle part of the rostellum becomes very 
broad as in Bonatea, Cynorchis, Platycorne etc. All these cases seem to be 
derived and it is impossible to establish here if the viscid discs originally 
are situated above and near the lateral stigma-lobes. Therefore it is 
necessary to look for primitive genera like Platanthera. However, it 
must be possible to verify the original state of the rostellum with other 
primitive genera in the Ophrydeae too. 

The hypothesis: the glands in the Ophrydeae are originally formed 
near and in contact with the lateral stigma-lobes, is contrary to the 
hypothesis, which Ropert Brown posed in 1833, viz. that the glands 
would always belong to the upper lobe of the stigma. Fig. 12 gives the 
differences between Platanthera and Epipactis in diagrams. 


§ 16. CoNncLUSIONS 


From the foregoing I think I may draw the following conclusions: 

1. There is an essential difference between the rostellum in the 
Ophrydeae and the Neottieae. 

2. In the Ophrydeae it consists of a tape or ridge with a viscid disc 
at each of its ends. 

3. In the Neottieae the rostellum consists of a simple organ. 

4. In many Ophrydeae the stigma has three lobes. Several Neottieae 
too have a stigma with three lobes. This is contrary the opinion of 
Darwin and EICHLER. 

5. Near and on all three stigma-lobes of Epipactis gigantea Dougl. 
ex Hook. a small organ develops, forming viscid liquid. I suppose that 
from a similar state as starting-point the development of the rostellum 
evolved in two directions: one leading to the Neottieae and the other 
to the Ophrydeae. 

6. In the Neotteae with three stigmata it seems as if the rostellum 
has been formed in connection with or above the median stigma-lobe. 

7. In the primitive genera of the Ophrydeae, however, both viscid 
discs appear to originate in connection with or above the lateral 
stigma-lobes. This is contrary the opinion which Roserr Brown 
posed in 1833. 

8. In the derived forms of the Ophrydeae the connection between 
the viscid discs and the lateral stigma-lobes may be completely 
broken. ‘This is to be described to the independent development which 
the rostellum, as a new organ, can apparently go through. 
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DATIERUNG DES BASISTORFES UNTER 
AMSTERDAM 


B. ZWART UND J. J. FRIESWIJK 
(Hugo de Vries-laboratorium — Amsterdam) 


(eingegangen am 31. Marz 1959) 


1. EINLEITUNG 


Im Rahmen der pollenanalytischen Untersuchungen, die das Hugo 
de Vries Laboratorium in der Umgebung von Amsterdam durch- 
fiihrt, sind die Torfablagerungen, die man an der Base der holozane 
Ablagerungen findet, an einigen Stellen unter Amsterdam unter- 
sucht worden. 

Die Untersuchungen des Basistorfes waren unméglich gewesen ohne 
die freundliche -Mitwirkung der Gemeinde Amsterdam, besonders 
der Abteilung “Grondmechanica” von ‘‘Publieke Werken’’. Diese 
Abteilung stellte uns die Bohrkerne von drei Stichbohrungen verfig- 
bar, sowie die Daten von 36 Stich- und Ventilbohrungen. Besonders 
danken wir den Herren Ir. A. F. van Weele und L. Kok fiir ihre freund- 
liche Mitwirkung. Prof. Dr. J. Heimans legte die erste Verbindung 
fiir diese fruchtbare Zusammenarbeit. 

Wir danken den Herren Prof. Dr. J. Heimans und Prof. Dr. J. P. 
Bakker fiir ihr forderndes Intéresse an unserer Arbeit. 

Die Zeichnungen sind von Herrn J. Vuijk nach Entwiirfen des 
ersten Verfassers ausgefiihrt, mit Ausnahme der Diagramme 5, 6 und 8. 


2. STRATIGRAPHIE UND ALLGEMEINER AUFBAU 


Die Oberflache des pleistozanen oder diluvialen Sandes ist im 
Kiistenstreifen von Belgien bis Danemark mit einer diinnen Torf- 
schicht bedeckt, die aus einer harten schwarzen und trockenen Torf- 
masse gebildet ist, ohne Struktur und fast ohne Reste die mit bloszem 
Auge zu erkennen sind (Abb. 1). 

Diese Torfschicht findet man an der Basis der holozinen oder 
alluvialen Ablagerungen und sie wird deshalb allgemein Basistorf 
genannt. In hollandischer Sprache ist auch der Name “Veen op 
grotere diepte” (Torf auf groészerer Tiefe) im Gebrauch, wahrend in 
englischer Sprache der Name “lower peat” (van DonsELAAR und 
JONKER, 1952) gebraucht wird. Der Basistorf ist im allgemeinen nur 
wenige Dezimeter stark, aber bisweilen erreicht er eine Starke von 
einem Meter. Im letzteren Falle sind diinne Kleischichten zwischen 
die Torfablagerungen eingeschaltet (siche Abb. 2). 

Die Tiefelage des Basistorfes ist von der Tiefe der Oberflache des 
diluvialen Sandes abhangig. Diese Oberflache senkt sich in westlicher 
Richtung, so dasz die tiefste Lage im allgemeinen an der Nordmeer- 
kuste entlang gefunden wird. Nach Osten erreicht der diluviale Sand 
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Abb. 1. Schema der alluvialen oder holozanen Ablagerungen westlich von 
Amsterdam. 
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die Oberfliche. Die hohere Lage des Sandes hat da nur in Becken 
ohne Wasserabflusz Torfwuchs erlaubt. 

Die Gegenden, wo der diluviale Sand nicht bis an die Oberflache 
reicht, besitzen nur eine sehr schmale Zone ununterbrochener Torf- 
ablagerung. Die Entwicklung des Torfwuchses fing 10.000 bis 7000 
Jahre zuriick an. Der Anfangszeitpunkt des Torfwuchses hangt mit 
der Hohe des Landes mit Beziehung zu der mittleren Meereshohe 
zusammen. So stammt der Torf im Westen der Niederlande im all- 
gemeinen aus der atlantischen, im Nordwesten und Norden aus der 
atlantischborealen oder borealen Zeit. Die Grenze zwischen borealer 
und atlantischer Zeit stellen wir, wie allgemein angenommen wird, 


auf 5500 Jahre vor Christo. 
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Wo die Torfablagerungen nicht eine durchgehende Ablagerung bis 
zur subatlantischen Zeit darstellen, sind sie durch eine dicke Schicht 
von Wattenkleien und Wattenstanden unterbrochen. Auf diesen atlan- 
tischen Meeresablagerungen kam es wieder zur Entwicklung einer 
dicken Torfschicht in der subborealen und subatlantischen Zeit: 

Diese Torfschicht reicht jetzt, soweit sie nicht erodiert ist, bis an die 
Oberflache. Spuren einer subborealen Transgression, von ZWILLEN- 
BERG und Henpriks (1954) in “Waterland”’, nordlich von Amsterdam, 
in groszem Ausmasz gefunden, wurden im untersuchten Gebiet nie 
gefunden. An einigen Stellen ist der Basistorf nicht vorhanden. Man 
findet da die Wattenablagerungen unmittelbar auf dem dilivualen 
Sand. Weil in den obersten Schichten des Sandes an diesen Stellen 
sich oft ein deutliches Bodenprofil entwickelt hat, ist es deutlich, dasz 
das hereindringende Meer die Torfschicht erodiert hat. (VAN DONSE- 
LAAR und JONKER 1952). 

Eine dicke Schicht von grauem humosen Klei, der sogenannte 
Schlammklei (“modderklei”) findet man unmittelbar auf dem Basis- 
torf. Schilfhalme durchbohren diese Kleischicht. Dieser Schlammklei 
ist an der Grenze der Wattengebiete abgesetzt worden, wo der Torf- 
wuchs noch Fortgang fand. Zwischen den Schlammklei und die 
Wattenkleie und Wattensande findet man oft eine neue Torfschicht, 
mit sehr wechselnder Starke. Diese Torfschicht war an einigen Stellen 
nicht anwesend. Da befand sich Klei auf derselben Tiefe als Torf an 
anderen Stellen, der Klei war jedoch stark humos. Es sind vermutlich 
Reste von versptiltem Torf, der beim entgiltigen Einbruch des Nord- 
meeres in den Wattenrinnen erodiert ist. Die oberste Schicht der 
Wattenablagerungen wird auch von einer Kleischicht gebildet. Man 
nennt diese graublaue Kleischicht allgemein den “‘alteren Marsch” 
(oude blauwe zeeklei). Man findet diese Kleischicht unmittelbar unter 
den oberflachlichen Torf. Ein viele Meter starkes Paket von Sanden 
und sandigen Kleien befindet sich zwischen die zwei genannten Klei- 
schichte. Diese Ablagerungen enthalten viele Muscheln, wie Cardium 
edule L., Scrobicularia plana Da C., Lutraria elliptica L., Mytilus edulis L., 
Hydrobia ulvae Penn., Spisula solida L., Mactra corallina L., Ensis ensis L. 
und Littorina littorea L. 


3. BoODENSCHNITTE UND BOHRPROFILE 


Aus den Daten dieser 36 Bohrungen sind sieben ostwest laufende 
Bodenschnitte zusammengestellt worden (Abb. 2). Fiir die Lage dieser 
Bodenschnitte siche Abbildung 3 (das Quadrat E3-121). Die Starke 
des Basistorfes ist im untersuchten Gebiet ziemlich gleichmaszig 
meistenteils 30 bis 50 cm. Die grészte Starke betrug 105 cm, aber an 
Stellen, wo diese Starke ganz oder doch fast erreicht wird, waren 
meistens Kleilinsen im ‘Torfschicht eingeschaltet. An einer Stelle 
wurde kein Torf gefunden: an Bohrstelle 127. Die Basis des Torfes 
fallt an einigen Stellen von 50 bis 75 cm uber einen Abstand von 250 m. 
Jedoch ist es héchstwahrscheinlich kein System von Rinnen und 
Ricken. Wenn derselbe Abfall schon am Anfang des ‘Torfwuchses 
anwesend gewesen ware, dann wiirde auch der Torfwuchs in den 
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Abb. we Li Bodenschnitte des Quadrats bei Pena E3-121. Der Distanz 
zwischen zwei Bohrungen und Profile ist 250 m. 
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Abb. 3. Ubersichtskarte des Gebietes wo die untersuchte Bohrungen verrichtet 
sind. Die pollenanalytisch untersuchte Bohrungen sind E3-121, G3-110 und G3-111. 
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Rinnen friiher einen Anfang genommen haben als auf den Riicken, 
wie VAN DONSELAAR und JONKER (1952) in Nordwest Friesland ge- 
funden haben. Da treten aber die Riicken und Rinnen, hier vielmehr 
Taler, deutlicher hervor. Sie fanden da, dasz der Torf in den ‘Talern 
nicht nur in borealer Zeit einen Anfang genommen hatte, sondern 
auch an einer Stelle (Tjummarum) schon in der borealen Zeit mit 
Meeresablagerungen bedeckt war. 

Drei Argumente stehen die Hypothese, dasz die Oberflache des 
Decksandes unter Amsterdam auch ein System von Rinnen und 
Ricken darstellen wiirde, im Wege: 

1. Die starkste Torfschichte sind nicht in den Rinnen abgesetzt 
worden. (Wir setzen voraus, dasz keine Erosion des Torfes statt- 


gefunden hat). 


2. Die Klei- und Sandlinsen, die auf flieszendes Wasser deuten, 
sind auch vorhanden auf den Riicken. 
3. Der Torfwuchs hat auch in den Rinnen erst in atlantischer Zeit 
einen Anfang genommen. 
Der wellige Verlauf des Torfbandes ist wahrscheinlich von der 
wenigeren oder grészeren Masse der Zusammendriickbarkeit des 


TABELLE I 


Beschreibung der Bohrprofile 


Bohrnummer E3-—121 G3-110 G3-111 
Meter unter Ablagerung Meter unter Ablagerung Meter unter Ablagerung 
N.A.P. N.A.P. N.A.P. 
(mittlere 
MeereshGéhe) 
1.90 Oberflache 1.35  Oberflache 1.35  Oberflache 
1.90— 4.15 schlammiger 1.35— 4.35  schlammiger 1.35— 4.10  schlammiger 
Torf Torf Torf 
4.15—- 4.90 schwerer 4.35— 4.70 humoser 4.10— 4.40 humoser 
Klei Klei Klei 
4.90— 9.00 kletiger 4.70— 6.15 sandiger 4.40-10.30  sandiger 
Feinsand Klei Klei 
mit 
Muscheln 
(Wattensand) 
9,00-10.10 Klei mit 6.15-10.30 .Klei 
Muscheln 
nO: 10=10:20 © Lori 
10.20-11.50 schwerer 10.30-10.88 schwerer 10.30-10.58 schwerer 
Klei Klei Klei 
11.50-11.87 — trockener 10.88-11.15  trockener 10.58-10.72  trockener 
fester Torf fester Torf fester Torf 
-11.87-12.50 humoser 11.15-13.55 humoser 10.72-11.90 humoser 
Sand Sand Sand 
12.50— grauer Sand 13.55— grauer Sand oO grauer Sand 
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Untergrundes abhangig, also von der Zusammendriickbarkeit des 
Tubantiens (die obersten Schichte des diluvialen Sandes). 

Eine Angabe in dieser Richtung war der wechselnde Widerstand, 
der bei den Sondierungen in dieser Schicht gefunden wurde. 

Drei Stichbohrungen sind pollenanalytisch untersucht worden, 
wobei der Basistorf unsere spezielle Aufmerksamkeit hatte. Fiir die 
Lage dieser Borhpunkte E-121, G3-110 und G3-111 siehe Abbildung 
3. Die erste Bohrung fand statt in der Reihe von Bohrungen fiir die 
zukiinftige Erweiterung der Stadt Amsterdam und die letzte zwei 
Bohrungen fiir eine Untersuchung tber die Méglichkeit von Sand- 
gewinnung. 

Der Basistorf ist eine sehr zusammengedruckte harte und trockene 
Torfmasse mit einer schwarzen Farbe. Diese Farbe ist nicht urspriing- 
lich. Die urspriingliche dunkelbraune Farbe verfarbt sich schnell an 
der Luft zu einer schwarzen Farbe. Der Basistorf ist in den untersuchten 
Bohrungen nicht mehr als 36 cm stark. Halt man jedoch Rechnung 
mit der Zusammendrickbarkeit der urspriinglichen Torfmasse, dann 
konnte sie sich am Anfang der Bedeckung mit Wattenablagerungen 
viele Meter belaufen haben. Die Bedeckung mit Kleiablagerungen hat 
plotzlich stattgefunden, weil die Analyse der Oberflache des Torfes 
keine Ubereinstimmung hat mit der Analyse der untersten Kleischicht. 
Zudem ist die Grenze Torf-Klei ziemlich scharf zu nennen. (siehe 
auch Abb. 4). 


4. DIz ERGEBNISSE DER POLLENANALYTISCHEN UNTERSUCHUNGEN 


Von jedem drei Zentimeter des Basistorfes der Bohrungen E3-121, 
G3-110 und G3-111 ist ein Muster genommen. Wir nahmen den 
Musterabstand kurz, Rechnung haltend mit der Zusammenpressung 
der Torfschicht. In den Pollendiagrammen sind die Prozentsatze der 
Krauter, Moose und Farne bezogen auf die Baumpollensumme, in 
der Corylus oder Myrica nicht einbegriffen ist. Die Prozentsatze dieser 
letzteren Pflanzen sind auch auf die Baumpollensumme bezogen. 

In den Diagrammen der Bohrung G3-110 und G3-111 (Abb. 5 
und 6) findet man die bekannte Pinus-Alnus-Kreuzung, wo die Grenze 
zwischen die boreale und atlantische Zeit gelegt wird, ganz unten in 
der Torfsaiule. Diese Kreuzung fehlt im Diagramm von Bohrung 
E3-121 (Abb. 7). Wenn wir nicht annehmen, dasz die Pollenkérner 
aus dem Torf ins Sand herunter gespiilt sind, konnen wir sagen, dasz 
an einigen Stellen der diluviale Sand nicht im Diluvium abgelagert 
worden ist. Pollenkérner koénnen selbstverstandlich durch Einspiilung 
den Sand herein gedrungen sein. Es ist doch unbegreiflich, 
dasz die von Ursprung eolischer Sandablagerung keine Zunahme an 
Pinuspollen zu sehen gibt. Der Basistorf hat sich also unter Amsterdam 
ganz oder doch fast in atlantischer Zeit entwickelt. 

Die Tiefelagerung des Torfes hat jetzt keine Korrelation mehr mit 


- dem Anfang seines Wuchses, denn im Provinz Nord-Holland befindet 


der Torf sich auf viel groszerer Tiefe als in Friesland, obgleich es im 
letzteren Gebiet eine etwas altere Ablagerung bildet. ' 
Die Oberflache des diluvialen Sandes hatte an der Grenze zwischen 
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Abb. 5. Pollendiagramm des Basistorfes von Bohrung G3-110. 
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Abb. 6. Pollendiagramm des Basistorfes von Bohrung G3-111. 
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Abb. 7. Pollendiagramm des Basistorfes von Bohrung E3—121. 


pereale und atlantischer Zeit vielleicht ein anderes Profil als heute 
in der Tiefe gefunden wird. 


5. DIz ZUSAMMENSETZUNG DES BASISTORFES 


Der Torf war ganz aus Resten von Alnus und Dryopteris thelypteris 
Gray gebildet. Die letztere Pflanze ist eine Charakterart fir das 
Alnetum in West-Europa. Die Abwechslung in der Farnespuren und 
Péllenkérner von Alnus ist auffallend, besonders wenn man diese 
Zahlen als Funktion der totalen Zahl an Pollenkérner aussetzt (Me- 
thode Iversen). Diese Abwechslung konnte zeigen auf eine Anderung 
der Landschaft sowohl im Raum, wie in der Zeit: eine Abwechslung 
von Erlenbruchwalder mit Farnemooren. Nicht nur die Anwesendheit 
vieler mikroskopischen Resten von Alnus und Dryopteris sprichen fiir 
diese Zusammensetzung der alten Landschaft, sondern auch die 
absolute Pollenarmut anderer Arten. Das Ausschlieszen des Alnus- 
pollens hat wenig Bedeutung, weil auch die Umgegenden vermutlich 
dieselbe Landschaft gezeigt hatten. (Janssen, 1959). 

Der wie Corylus gezahlte Pollen ist sehr wahrscheinlich Myricapollen. 
Die letztere Pflanze kommt viel in einem Alnetum mit sauerem Unter- 
erund vor. Die stark erodierten Pollenkérner waren nicht mit voller 
Sicherheit zu trennen vom Coryluspollen. 
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6. KORRELATION MIT UMGEBENDER GEBIETE 


Der Basistorf der siidlichen Tunnelgrube bei Velzen ist von FLoR- 
scHitz (1944) analysiert worden (Abb. 8). Die untere Halfte war in 
der borealen Zeit und die obere Halfte in der atlantischen Zeit gebildet. 
Die entgiiltige Pinus-Alnus-Kreuzung befindet sich in der Mitte der 
Ablagerung. Die Lage des Torfes ist hier 16.55 bis 16.77 m unter die 
mittleren Meereshohe, wahrend bei Amsterdam die Tiefelage wechselt 
von ungefahr 10 bis 12 m unter die mittlere Meereshohe. Der Basistorf 
war bei Velzen nicht eine reine Torfablagerung, nur die Base und dir 
oberste Schicht sind aus Torf gebildet. Zwischen diese Torfschichte 
fand man Klei. Florschiitz hat in diesem Klei Reste einer Meerestier- 
welt und einer Brackwassertierwelt gefunden. Die Bildung des Torfes 
unter Velzen sollte schon vom Anfang den Einflusz des Meeres erfahren 
haben. Jede Spur dieses Meereseinfluszes fehlt bei der Torfbildung 
unter Amsterdam. Nur am Ende der Torfbildung zeigt ein Hervor- 
treten der Chenopodiaceae und Cyperaceae auf einer allmahligen Ver- 
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Abb. 8. Pollendiagramm des Basistorfes aus der Tunnelgrube bei Velzen. (Nach 
Florschiitz, 1944). 
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salzung des Grundwassers. Das Grundwasser ist schlieszlich bis oben 
die Landoberflache emporgestiegen und dann kam es zur Ablagerung 
des Schlammkleies. ; 

Die Entwicklung des Basistorfes unter Amsterdam hat erst einen 
Anfang genommen als unter Velzen schon ein Paket Torf und hu- 
moser Klei abgelagert worden war. 

Die gegenwartige Differenz in der Tiefelage des Basistorfes unter 
Amsterdam und Velzen (6 Meter) méchte eine Erklarung sein fiir das 
verschiedene Alter des Torfes, obgleich wir nicht wissen, ob diese 
Niveaudifferenz schon am Anfang der atlantischen Zeit anwesend 
war. Die gegenwartige Oberflache des diluvialen Sandes reicht im 
Siiden der Provinz Nord-Holland bis 11 m unter die Bodenoberflache. 
In der Mitte der Provinz Nord-Holland senkt sie sich 20 m oder mehr 
unter die Bodenoberflache um noérdlich von diesen Gegenden wieder 
emporzureisen. Man findet hier ein deutliches System von Horsten 
und Slenken. 

Beim Vergleichen des Alters des Basistorfes unter der Provinz Nord- 
Holland mit dem unter der Provinz Friesland ist diese Erklarung nie 
verwendbar. 

Die Oberflache des diluvialen Sandes unter der Provinz Friesland 
mochte urspriinglich eine andere Lage als heute gehabt haben in Hin- 
sicht auf der Lage der Oberflache des Sandes unter Amsterdam. Es ist 
selbstverstandlich dasz der Untergrund unter Amsterdam einem 
groszeren Sinken unterlegen ist als der unter Friesland. Urspriinglich 
kénnte die Tiefelage dieser zwei Oberflachen gerade entgegengesetzt 
gewesen sein. Es ware ebenfalls moglich, dasz das Meer bei Friesland 
durch eine durchbrochene Nehrung friher Zutritt zum Hinterland 
hatte. 


ZUSAMMENFASSUNG 


Der Basistorf (Torf an der Basis der holozanen oder alluvialen Ablagerungen) 
unter Amsterdam ist nach der Analysen von drei nach einander 27, 14 en 36 cm 
langen Torfsaulen ganz oder fast ganz in der atlantischen Zeit gebildet. Analysen 
des Torfes an anderen Stellen unter Amsterdam (noch nicht publiziert worden) 
bestatigten diese Ergebnisse. mags ; 

Wenn wir die gegenwartige Tiefelage des Basistorfes beriicksichtigen, dann stimmt 
das Alter des Torfes mit dem Alter des Torfes unter Velzen gut iiberein. Man findet 
aber keine Ubereinstimmung mit der gegenwartigen Tiefelage des Basistorfes unter 
dir Provinz Friesland, aber diese Differenz in Tiefelage ist wahrscheinlich die Folge 
spaterer tektonischen Bewegungen. : 

Der Basistorf unter Amsterdam war iiber seine ganze Lange namentlich aus 
Resten von Alnus und Dryopteris thelypteris Gray. gebildet, wobei im unteren Teil 
die Erlen und im oberen Teil abwechselnd Erlen und Farne die Oberhand gewon- 
nen. Der obere Teil des Torfes war auch teilweise gebildet von Schilfen und Seggen. 
Auffallend war die Armut an Arten des analysierten Pollens. 
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MANTEN, A. A.: Pollen-grain size and its value in Palynology 

In prequaternary palynology identification of the pollen-grains with natural 
genera and species often proves to be impossible or very difficult. Therefore organ 
genera and species had to be created. The organ species, however, are not rarely 
large and sometimes ill-defined, viz. when they show transitions from one to another. 
Moreover, for stratigraphical use a subdivision may be desirable. Then, in the 
absence of good diagnostic characters of a qualitative nature often the dimensions 
of the pollen grains are called to aid. Examples are not difficult to find. Here some 
will be mentioned taken from the pollen atlas of THomson and Prruc (1953): 

Pityosporites microalatus (R. Pot) Pf. et Th. — the Pinus haploxylon type — is divided 
into two forms: major (70-110 yz) and minor (45-70 yu). 

Tricolporopollenites kruschi (R. Pot.) Pf. et Th. (Nyssa?) is divided into five sub- 
species, three of which differ according to the diagnosis only in their dimensions. 

The Jlex-like pollen grains are classified in two organ species: Tricolporopollenites 
iliacus (R. Pot.) Pf. et Th. and Tricolporopollenites microiliacus Pf. et Th. For the latter 
diagnostic characteristics are given that are found in Tricolporopollenites iliacus too. 
Only the dimensions are different (T. microiliacus 15-25 mw; T. tlhacus 25-50 mu). 
T. iliacus is subdivided into two forms: major (more than 45 j) and medius (25-45 1). 

The organ species Triatriopollenites coryphaeus (R. Pot.) Pf. et Th., from the group 
Myricaceae/Betulaceae, is subdivided into two subspecies: punctatus (RK. Pot. Piet Th: 
and microcoryphaeus (R. Pot.) Pf. et Th. Pollen grains from the subspecies Triatr. 
coryph. microcoryphaeus are often identified with Engelhardtioid pollenforms. There 
are, however, all possible transitions to the Myricaceae and Betulaceae. Vherefore, a 
border line is taken at 18 y. All pollen grains of this type that are smaller than this 
measure are referred to the subspecies microcoryphaeus. When THomson in his diagram 
of the quarry “Fortuna” represents the percentage of Engelhardtioid pollen-forms, 
he only means the percentage Triatr. coryphaeus microcoryphaeus. In this diagram 
(THomson 1950) can be seen that there is some relation between the curves for 
Engelhardtioid pollen-forms and that for Myricaceae/Betulaceae. This also is likely, 
for, when in this case all dimensions are present, it is a strange supposition that 
Engelhardtia should only have provided pollen-grains up to 17,9 yu and the Myricaceae 
and Betulaceae only of 18.1 w and larger. TRAVERSE (1955, p. 45) even mentions 
as size of Engelhardtia pollen-grains an average of ca. 28 , with maximum dimensions 
up to 32 pw. 

It has been found that the so-called Engelhardtioid pollen-forms are most 
nurnerous in the older tertiary, in younger deposits their percentage decreases. 
Even in the diagram of the Rhenish browncoal formation can be seen that these 
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smaller pollen types are more common at the bottom than at the top. It is not quite 
clear, however, what botanical conclusion may be drawn from this. 


TABLE I 
The rank correlation test of KENDALL applied to data from a palynological study 
of the miocene browncoal in the quarry ‘‘Anna”’ (SE. Netherlands). 
Column I: Percentages of pollen grains from the bog vegetation (Myricaceae/ 
Betulaceae + Cyrillaceae + Ericales) in 32 samples. 
Column II: Percentages of pollen grains from the vegetation round the bog 
(Pinaceae + Salicaceae/Platanaceae +- Fagaceae). 
Column III: Quotient bog vegetation/surrounding vegetation. 
Column IV: Percentages of Triatriopollenites coryphaeus micro-coryphaeus. 


I qd III IV 
eee ee 
38,0 S152 1,02 2,8 
BO 40,0 0,98 2,8 
40,0 46,4 0,86 0,4 
42,0 38,8 1,082 det 
40,4 43,6 0,93 2,4 
46,4 Seeae 135 24 
ARG 40,0 1,080 One 
47,2 36,8 1,28 2,0 
38,0 AMO) 0,94 2,0 
42,0 41,6 1,01 3,6 
G44 36,4 0,95 5,6 
44,0 46,0 0,96 2,4 
38,8 43,9 0,90 3,2 
33,6 39,6 0,85 6,0 
44,8 30,8 aS 6,0 
ada 31,6 liek 4,8 
40,4 3034 133 Oe 
Synat 22 eT) eee 
47,6 292 1,63 4,0 
38,8 42,8 0,91 0,8 
36,8 Awe 0,87 1,6 
35,6 46,8 0,76 aA 
36,4 50,0 0,73 4,4 
48,4 32,4 1,49 2,8 
30,4 50,2 0,55 4,0 
33,2 46,0 0,72 2,0 
69,2 19,6 3.53 4.0 
60,4 28,0 2,16 4,0 
39,2 Boye 1,18 4,0 
40,4 43,2 0,94 6,8 
Ske: 36,0 1,03 8,0 
36,4 28,0 1,30 5,6 


Engelhardtia is a tall tree and, as TRAVERSE (1955, p. 25) in his study of the Brandon 
lignite of Vermont (U.S.A.) rightly remarks, ‘‘presumably grew near, not in the 
swamps of the basin of deposition.’ Thus, when Triatriopoll. coryphaeus microcoryphaeus 
may be identified with Engelhardtia pollen, a definite connection may be expected 
in a pollen diagram, between the percentages found for the microcoryphaeus pollen- 
grains and those of the pollen-grains from the vegetation surrounding the bog. 
As an example data were taken from a palynological study of the browncoal in the 


quarry ‘“‘Anna’”’, Dutch Limburg (Manren, 1958), see table. The author checked 
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whether there exists a correlation between the quotient of the percentages of pollen- 
grains from the bog vegetation and those of the pollen-grains from the surrounding 
vegetation (magnitude A, table, column III) and the frequencies of microcoryphaeus 
pollen-grains (magnitude B, table, column IV). For this it has been examined 
whether at increasing A, magnitude B also increases (positive correlation), or just 
decreases (negative correlation), or shows no distinct course (no correlation). 
According as the correlation is positive or negative it may be concluded that the 
microcoryphaeus pollen-grains have come mainly from the bog vegetation, respectively 
from the forests round the bog. 

Correlation was tested by means of Kendall’s rank correlation test (KENDALL 
1948). For this the figures from column III were arranged in an ascending series; 
the percentages from column IV, belonging each to a special figure from column III, 
were rearranged accordingly. Each of these samples then was compared with every 
other sample, and for each pair a value +1, —1 or 0 was scored according as the 
two samples agreed or disagreed in their rankings or were tied. The 32 samples 
yielded 496 comparisons with 293 scores +1, 178 scores —1 and 25 scores 0, resulting 
in a value +115 for KENDALL’s statistic S. The significance of the deviation of this 
value from the value 0, expected under the hypothesis that no correlation exists, 
can be judged by the probability P] | S | < 115], which is found to be 0,062 if the 
distribution of S is approximated by a normal distribution with the same mean 
and variance. This probability is sufficiently low to justify the conclusion that there 
exists a positive correlation between the two characteristics. 

This implies that the greater part of the pollen-grains in the subspecies Triatriopoll. 
coryphaeus microcoryphaeus must have come from plants living in the browncoal. 
Because Engelhardtia, as mentioned above, is a tall tree, not growing in the bog, this 
is a very strong indication that the microcoryphaeus pollen-grains have not originated 
from Engelhardtia. Presumably they came from Myricaceae/Betulaceae, as is the case 
with the other Triatriopollenites forms. The border line of 18 « without other charac- 


teristics thus does not have any diagnostic value. 


SUMMARY 


A subdivision of pollen types based only on different dimensions is very dubious. 
An example is given, taken from the miocene browncoal in the Lower-Rhine area 
of Germany and the Netherlands. 
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BOOK REVIEWS 
OF PUBLICATIONS RELATED TO BOTANICAL WORK 
IN THE NETHERLANDS 


Bocagrs, J. E., W. GLASBERGEN, P. GLAZEMA and H. T. WATERBOLK (ed.): 
Honderd Eeuwen Nederland (The Netherlands in the past Hundred Centuries). 
Special issue of Antiquity and Survival, vol. 2, no. 5-6, 314 pp., The Hague, 
1959, “Luctor et Emergo”, Mercuriusweg 37. Dfl. 17.30 (paper) or 19.80 
(cloth). 


In this new, copiously illustrated book a large number of authors deal with 
various topics as archeology, prehistory, folklore, etc. of the Netherlands. Two 
botanists, Dr. H. T. WATERBOLK and Dr. W. vAN Zeist have written the first two 
chapters. Professor WATERBOLK in the first chapter (p. 12-26) deals with the dating 
and age measurements by means of the radiocarbon method as practised in the 
department of physics of Groningen University. The second chapter by Dr. vAN 
Zest (p. 27-36) is entitled “Botanical Investigations and Prehistory”. It deals 
with the results of pollen analysis as far as it is important to the investigation of the 
activities of early human cultures. 

The book is in Dutch but subtitles of the illustrations in some chapters are also 
in English. ie 12S Ife 
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lL INTRODUCTION 


The economic importance of virus diseases in plants is often very 
considerable on account of the serious losses these diseases may cause. 
This refers to plants which are perennial or are propagated vegeta- 
tively, but also to annual and biennial crops raised from seed when 
they are infected in an early stage. Viruses disturb the normal 
metabolic processes in the whole plant and once they have penetrated 
they persist indefinitely in its vegetative parts, as there is no recovery 
from most virus diseases. Moreover, the losses thus incurred are 
increased by the viruses spreading very rapidly through insect vectors. 

A most effective way of avoiding virus diseases would be growing 
virus-resistant varieties, but only a few cases of real immunity are 
known. Another possibility is growing varieties with a high degree 
of virus tolerance, so that the yield of the crop is not much affected 
by the infection. The results obtained with this method have been 
more encouraging. The use of virus-free plant material and variation 
of normal cultural practice can give better results, but only if sufficient 
precautions are taken to isolate the plants from the sources of infection. 
By far the most effective way is to destroy the virus-diseased plants 
and to kill the insect vector with insecticides. Much work has been 
done in this field with good results. 

Nevertheless, none of these methods has led to complete elimination 
of the virus diseases. Attempts have therefore been made to destroy 
the virus in the cells of the host plant without impairing the viability 
of these cells. In this respect various physical treatments, e.g. ultra- 
violet, infra-red or X*ray radiation, or heat treatment might offer 
possibilities. Heat therapy against viruses with a low thermal inacti- 
vation point has in some cases been successful, although this method 
is unlikely to be generally applicable. A curing effect of the radiation 
of infected plants has not been reported. 

Such methods, however, involve the risk of experimental error. 
Under the influence of the treatment symptoms may be masked, 
when the virus remaining unaffected. Thus, THunce (1949) found that, 
tobacco mosaic virus was inoculated, at certain elevated temperatures 
the symptoms were completely masked, but the virus remained active 
and the symptoms appeared as soon as the plants were kept at lower 
temperatures. 

STODDARD (1942) was one of the first to point to the possibility of 
chemotherapeutic treatment of plants. He had found that bud wood 
from peach trees infected with X disease can be cured by soaking 
it in solutions of quinhydrone, urea or sodium thiosulphate, but this 
experiment still needs confirmation. Although the chance of finding 
substances that are indeed chemotherapeutically active may be 
considered rather small, it seemed worth while to investigate various 
compounds in this respect. 

_ Chemicals can have a preventive or a curative effect. A compound 
is preventive when it prevents the virus from penetrating into the 
plant or from spreading if it does penetrate. Only when a compound 
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attacks the virus itself and inhibits its synthesis, which results in the 
plant being cured, it has a curative effect. A disadvantage of curative 
chemotherapeutics is that the disturbing influence of the. virus may 
remain visible at the end of the treatment, particularly in the full- 
grown parts of the plants, since symptoms as necrosis, leaf roll or 
mosaic patterns cannot be expected to disappear altogether. 
| Compounds with preventive activity are the most attractive, as the 
plant remains healthy. From the results obtained by other investigators 
and of personal experience it does not seem likely that such compounds 
have already been found; mostly, the virus multiplication is retarded, 
which makes the consequences of an infection less serious. 
| When a chemical proves to have chemotherapeutic activity, it is 
often difficult to demonstrate which of the two effects plays a role. 
BawbeENn (1954) distinguishes between inhibitors of infection and 
inhibitors of virus increase. The former prevent infection when 
inoculated into leaves simultaneously with virus; the latter retard 
the multiplication rate of the virus in the plant when applied to leaves 
already infected. 

This distinction is similar to that between substances with a preven- 
tive and with a curative effect. Table I lists a number of compounds, 
natural or synthetic, that are inhibitors of infection. 

Some, if not all, of these compounds may have inactivated the 
virus in vitro already, before it reaches the plant, as a result of inter- 
action between virus and chemical. They may also act at the time 


TABLE I 


‘Some inhibitors of infection mentioned in the literature 


Authors 


Compounds Virus Host plant 


Natural compounds 
trichotecine roseum TMV tobacco BAWDEN and FREEMAN (1952) 
French bean | BAwpEeNn (1954) 


leaf extracts containing TMV tobacco HirtH (1953) 
tannin, tobacco TresH (1956) 
tannic acid, necrosis virus Tuunc and VAN DER WANT 
geraniatannic acid, rattle virus (1951) 
extracted from strawberry, PrankucH (1943) 
raspberry and other leaves 
enzymes, TMV tobacco Bartets (1955 a, b, 1956) 
sera, 
extracts from 
bacteria 
fungi 
higher plants 
insects 


(65 substances mentioned) 


TMV tobacco Noorpam, THuNnG and VAN 
DER Want (1951) 

Van DER Want (1951) 

Raceti (1957) 


extracts from carnations 
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TABLE I (continued) 


B. 


Compounds 


Synthetic compounds 
thiouracil 


trisodium phosphate 


cyanide 
hydroxylamine 
iodoacetate 
formaldehyde 


sodium chloride 
potassium chloride 


iodine 

phenyl isocyanate 

carbobenzoxy chloride 
(benzochloro formate) 

p-chlorobenzoyl chloride 

benzenesulphonyl chloride 


victoria blue 
Browning No. 47 
and other dyes 
tannins 
serum 
globuline 
octyl-X 
decyl-X 
dodecyl-X, etc. 
X = dimethylbenzyl 
ammonium chloride 


lysine 
polypeptides 


several chemicals, including: 
dyes 

proteins and protein 
derivatives 

amino acids 

nucleic acid derivatives 

plant growth substances 
polypeptides 
enzymes 


Virus 


TMV 


potato virus X 
TMV 
TMV 


TMV 


potato virus X 


TMV 


TMV 


TMV 


TMV 


Host plant 


tobacco 


potato 
tobacco 


tobacco 


tobacco 


potato 


tobacco 


tobacco 


tobacco 


tobacco 


Authors 


BAwWDbEN (1954) 
Brock (1952) 


CurpA and Coworkers (1954 


CARTWRIGHT and LAUFFER 
(1954) 

Hirayama (1954) 

Knicut (1951) 

KANNGIESSER and DEUBNER 
(1954) 


Knicut (1951) 


PFANKUCH (1943) 


BurRGER and STAHMANN (1951) 


Dave and THORNBERRY (1955) 


the virus just comes into contact with the plant, by taking the receptor 


place and thus preventing infection (THunc 1952, RAGETLI 1957) 


The investigations described in this publication were set up with 
the aim of finding compounds having an “in vitro” antivirus activity, 
ie, in the plant. Greenhouse experiments with young plants were 
done to establish what compounds displayed chemotherapeutic 
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activity without being phytotoxic. The best of these were further 
tested in the field, where the plants could be examined till their 
mature stage. The results of both the greenhouse and the field tests 
are discussed in the last chapter in the light of additional data on 
“in vitro” effect, serology and chemical properties. 

As the virus synthesis (which has not been investigated) is of a 
different pattern in various plants, it was desirable to include in this 
investigation as many different viruses and plants as possible in order 
to obtain the greatest possible validity of results. For practical reasons, 
however, this number had to be reduced considerably. Still, to make 
the spectrum as wide as possible, four different types of virus, viz. 
tobacco mosaic virus, yellow virus and two bean viruses, and seven 
types of plants belonging to different families of the Dicotyledones 
were used. With this selection diseases having their strongest influence 
on either leaf-, root- or seed production were generated. 

The choice of these viruses and plants was determined by their 
economic importance in Western Europe. 

The losses caused by tobacco mosaic virus (TMV) are very consider- 
able. For tobacco BAWDEN (1950) estimates them at as much as 4.10® 
pounds per year in the USA alone; in England, the yield of greenhouse 
tomatoes is reduced by at least 10 % every year. The total loss caused 
by TMV cannot be given because this virus is spread throughout 
the world. 

Virus yellows in sugar beet is spread over the whole Western and 
Southern part of Europe and is even reported to occur in Turkey, 
Syria and Persia (ScHLGssER, 1952); it has also been found in the 
USA (Coons, 1952) and recently in the USSR (Goryuskin and 
Koxnan, 1958). The damage caused by this disease varies every year. 
In the Netherlands and Belgium the losses vary from 10-40 % of the 
total sugar production; in one area the damage is often much more 
serious than in another. According to Hux (1953) diseased plants 
produce weekly 4.5 % less sugar than healthy ones. In years of heavy 
attack the weight of the root crop drops considerably and losses of 
40-60 °% may be found; it is remarkable that mostly the sugar content 
does not decrease by more than | %. 

The bean viruses cause losses every year. For the Netherlands 
exact data are not available; in the USA the annual losses due to bean 
mosaic diseases are estimated at several million dollars (ZAUMEYER 
and Rex Tuomas, 1953). 


II. MATERIAL AND METHODS 


1. PLANT MATERIAL 
For the investigation the following plants were selected: 


a. Tobacco 
1. Nicotiana tabacum L. var. White Burley or var. no. 11 
2. Nicotiana rustica L. 
3. Nicotiana glutinosa L. 
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The seeds had been obtained from our own plants and showed 
great uniformity in germination. 

b. Sugar beet, Beta vulgaris L. var. Kuhn P.’) a 
This variety has been grown from crossings of different families in 
order to adapt it to geographical and climatological circumstances, 
so that the seedlings always grow under optimum conditions. 

Cc. Beans 
1. French bean, Phaseolus vulgaris L. var. Beka *) 

2. Broad bean, Vicia faba L. var. Driemaal wit *) 

d. Tomato, Solanum lycopersicum L. var. Ailsy Craig *) 


2. CULTIVATION OF PLANTS 

The plants were cultivated in the greenhouse in a soil mixture 
containing leaf mould, farmyard manure, black soil and coarse sand 
(2:2:2:1). This mixture was left for periods varying from about 
3 months to one year, after which it was again thoroughly mixed 
and left undisturbed for another 3 months; it was then ready for use. 

The day was from sunrise till sunset during summer time; from 
September till the end of April the day was extended till midnight 
by means of light supplied by two rows of Philips TL tubes (fluorescent 
lamps) of 65 Watts each, placed parallel at about 1 metre above a 
table carrying plants, table width about | metre. Ifin winter daylight 
was insufficient these TL tubes were lighted. Sometimes mercury 
vapour lamps were used (Philips HO 450 Watts): one per 4 square 
metres, placed 1—1.5 metres above the table. 

The temperature was kept at 20—22° C, except during the night, 
when it was lowered to 16<1L8° C. The relative humidity was about 
FON: 

The tobacco, tomato and sugar beet seedlings were grown in seed 
pans and transplanted in boxes accomodating 100 of them. Here they 
remained till they were 10 centimetres high, when they were singled 
out into pots. A few days later the plants were used for tests. Care 
was taken that all plants included in a test were similar. 

With beans the procedure was somewhat different, five seeds being 
placed in a pot, so that no transplanting was necessary. 

As it is known that virus multiplication depends on the age of the 
host plant, a few details must be added as to the stage of development 
reached by the test plants before being infected. In all seasons the 
plants were used for the experiments when the fourth leaf was about 
3 cm (4-leaf stage); they were then about 10 centimetres high. In 
early summer (May-June) sugar beet reaches this stage in about 
3 weeks, Rustica tobacco in 4 and White Burley in nearly 5 weeks, 
bean plants in 2-3 weeks and tomato plants in about 4 weeks. In 
winter it took them 2-3 months to reach this stage of development. 


") Received from the “Koninklijke Beetwortelzaad-Cultuur Kuhn and Co.”, 
Naarden. 

*) Purchased from the “Codperatieve Aan- en Verkoopvereniging Centraal 
Bureau Rotterdam”. 

8) Purchased from ‘““Turkenburg’s Zaadhandel’’, Bodegraven. 
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In summer the first visible symptoms of virus yellows in sugar beet 
appear after about 3 weeks; TMV virus produces symptoms in a 
little more than one week, the bean viruses and TMV. in tomato 
plants in 1-2 weeks. In winter these periods are 2—3 times longer; 
with yellow virus in sugar beet only mild symptoms appear, if any. 

Generally the winter season is not ideal for these experiments, 
as certainly the light intensity is a limiting factor and probably also 
the temperature. To our amazement, for tobacco plants September 
is too unfavourable for symptoms to be developed. 


3. WIRUSES 


As explained in Chapter I the viruses and plants were so chosen as 
to produce diseases having their strongest influence on the production 
of either leaves, roots or seeds. 

The major part of the work was done in the greenhouse with: 
a. Tobacco mosaic virus (Nicotiana virus 1) in tobacco; leaf damage. 
b. Yellow virus (Beta virus 4) in sugar beet; damage especially 

to the roots. 
c. Common and yellow bean mosaic virus (Phaseolus viruses | and 
2) in French bean and broad bean; reduction of seed production. 

Tobacco mosaic virus (TMV) is very stable. A mixture of a few 
strains obtained from the Institute for Phytopathological Research 
(I.P.O.) at Wageningen was investigated. In some cases it was necessary 
to purify the virus (especially for the methods described under 4), 
which was done according to the directions of Bawpen (1950), 
K. M. Smiru (1951) and Tuune (1949). 

Sugar beet yellow virus is rather unstable; it cannot be stored 
outside the plant, therefore it was not purified. For this investigation 
a mixture of strains was used, as it seemed desirable to test the antivirus 
activity of the compounds against several strains available in nature. 

The bean viruses isolated lose infectivity within two days (BEEMSTER 
and VAN DER Want, 1951; VAN DER WANT, 1954), so that purification 
is impossible. A mixture of a few strains received from I.P.O. was used. 


4, MeETHODS OF INFECTION 


The plants were inoculated with TMV and the bean viruses in 
the usual way by rubbing the leaves with carborundum powder and 
injecting them with diluted cell sap. Only one half of the leaf thus 
treated was inoculated. If the whole leaf should be treated, it might 
be killed by the inoculum before the virus had become systemic in 
the plant. The crude TMV sap can be diluted considerably with 
water without losing its infectivity. Generally, dilutions of 1: 1000 
and even higher still cause the plants to become diseased, however, 
only dilutions of about 1:10 were used. : ; 

Sugar beet yellow virus cannot be inoculated with this technique. 
Here the insect vector, Myzus persicae (Sulz.), had to be used. This 
aphid was bred on diseased plants throughout the year. To be sure 
of infection on every plant 10 of such aphids were placed (mostly 
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6 will be sufficient). Two days later they were killed with an insecticide 
that had no residual effect. 


5. DETERMINATION OF DEGREE OF VIRUS INFECTION IN PLANTS 


As a chemotherapeutic compound cannot be expected to suppress 
virus multiplication altogether in all cases and considering that the 
virus, once it has become capable of overcoming the chemotherapeutic 
action, will continue to multiply, the differences between the treated 
and untreated plants will be greatest in the early phases of the disease. 
Therefore it was important to determine the degree of virus infection 
as soon as possible after the anti-virus compound had been applied 
and infection started. 

For all methods described below test and control plants had to be 
of the same age and stage of development. Often a few leaves were 
sufficient for a test; these leaves had to be taken from similar parts of 
the plants included in that test. In those experiments where leaf 
discs could be used they were neither cut from the small top leaves 
nor from the oldest bottom leaves; nor were large veins included. 
This technique was preferred as the plants themselves remained 
intact and could be used for a further determination. 

The following methods were applied: 


a. Serology 


An anti-serum was obtained from rabbits injected intravenously 
with a purified virus solution. This anti-serum was used to establish, 
by means of the precipitation reaction, the presence of virus in the 
purified sap extracted from the plants under test. Equivalent amounts 
of virus and anti-serum have to be used, as an excess of either of them 
may inhibit precipitation (prozone effect). For the precipitation 
reaction a rather impure sap could also be used; the sap extracted 
from the plants by crushing leaves in a mortar was heated at 60° C 
for about 10 minutes, after which the bulky green precipitate of plant 
material was removed by centrifuging. 

The agglutination reaction was also performed with crude plant 
sap. Any virus present in the sap produces agglutination of the anti- 
serum and the chloroplasts. 

Routine serological tests were done to investigate tobacco mosaic 
virus and yellow virus in sugar beet. 


With TMV the following procedure was used: 

Anti-serum was obtained by injecting rabbits intravenously with 
3-5 ml of a purified virus solution. After 4-8 injections the titer of 
the anti-serum was usually sufficiently high. Rabbit’s blood was then 
collected and left for some hours to clot. The anti-serum was poured 
off and centrifuged to remove any blood cells left. It is not sterile and 
has to be stored frozen. 

Infected plant material was crushed and 1 ml of the sap thus 
obtained was heated for about 10 minutes at 60° CG and centrifuged 
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at low speed, i.e. 3000 r.p.m.!) The supernatant liquid was stored, 
if necessary at 0° C. Before use it was diluted with 0.85 % NaCl 
solutions in ratios of 1:1, 1:4, 1:8, etc., as was also done with the 
anti-serum. 

The bottom of a Petri dish was coated with a hydrophobic film 
of “Vinylite” (a mixture of polyvinyl acetate and polyvinyl chloride, 
applied as a 1 % solution in chloroform). With a drawnout pipette 
a drop of the virus extract was placed on the bottom of the Petri 
dish, and a drop of anti-serum on the same spot. This was repeated 
with the dilute virus and the anti-serum dilutions. Besides, a complete 
set of controls was run with healthy plant sap and normal rabbit serum. 

When all drops were in the desired position a paraffinic oil (‘Shell 
Ondina”’ oil 29 or Oleum paraffinicum) was carefully poured into 
the dish, until they were just covered, without disturbing them. 
The dishes were incubated at 37° C for 15 minutes and were then 
examined for flocculae under the microscope (method described by 
VAN SLOGTEREN, 1955). 

Table II gives an example of a serological determination of the 
concentration of a virus solution. For various concentrations of the 
anti-serum the maximum dilutions of TMV in the solution to be 
tested which still gave a normal serological reaction were determined. 
This was repeated with a standard virus solution. The ratios of the two 
dilutions were determined and the mean values calculated (for the 
relative anti-serum concentrations of 1, 4/5, 1/4, 1/s, 1/4, the ratio was 
2.2.0, 1, 1-and 2 for the -- signs in the table and 2, 4,4, 1, and.1.3 
for the + signs). 

The concentration of the unknown TMV solution was thus found 
tee 20 F/, 

The incubation period, i.e. the time interval (in days) between 
the moment of infection and the appearance of the first symptoms, 
was at least 16 days for White Burley tobacco in experiments per- 
formed in January and February 1954. Serologically, however, it 
could be demonstrated that the virus was present in the top leaves 
as soon as 12 days after inoculation. Somewhat later in the season, 
in March, when the rate of growth increases, the first symptoms of 
the disease were noticeable after an incubation period of about 10 days 
and serologically the virus was shown to be present 7 days after inocu- 
lation. It may be expected that later in the season this incubation 
period will be shorter still. 

The concentration of TMV in Nicotiana rustica is low, the highest 
found being 0.006 % .The reason for this is that the disease causes 
a top necrosis resulting in the growing point dying off on account of 
which the virus multiplication decreases rapidly. Owing to this low 
concentration it was impossible to obtain exact data on the virus 
propagation during the incubation time. Often a few days before the 
end of the incubation time a slight serological reactivity was found. 


1) Number times gravity: 1000-1500. 
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The routine serological test to investigate sugar beet yellow virus 
was somewhat different. Plant sap from diseased leaves was diluted 
with its own volume of 0.85 % NaCl solution and centrifuged for 
15 minutes at low speed (3000 r.p.m.). The supernatant liquid was 
stored at 0° C. Before use (usually the next morning) it was once 
more centrifuged at the same low speed for 15 minutes and diluted 
further if required. 

The anti-serum was obtained from the Laboratory of Bulb Research 
at Lisse*). It had been prepared from the blood of rabbits injected 
with crude sap. The anti-serum was received frozen-dried in small 
ampullas. Upon being dissolved in 1 ml 0.85 °%4 NaCl solution it was 
ready for use. 

The experimental procedure was similar to that with TMV, the 
incubation period of the Petri dishes now being 2—4 hours at 37° C 
before they could be examined for flocculae under the microscope. 
Owing to the instability of the sugar beet yellow virus it is not possible 
to prepare a standardized virus solution. Consequently, the absolute 
amount of virus present in the host plants treated with a chemothera- 
peutic compound and in the untreated control plants could not be 
established and the investigations had to be restricted to determining 
the ratio of the two values at the end of the experiment. 

Beet serology is rather difficult and is more time-consuming than 
tobacco serology. Although several tests were done it was impossible 
to demonstrate the presence of the virus earlier than 1—2 days before 
the end of the incubation period, when the leaves were already 
somewhat crisp. The distribution of the virus over a plant is rather 
uneven, as already found by Boor and Coworkers (1944). There 
are even indications that the distribution of the virus over one leaf is 
variable. 

An objection to these methods of virus determination may be that 
virus particles may lose their activity, but not their reactivity. It 
seems fairly certain that the infectivity is localized in the ribonucleic 
acid part of the particle and not in its protein part, the latter being 
responsible for the serological reaction (FRAENKEL Conrap (1955), 
MarrHews and SmitH (1955), Marxuam (1953), GIERER and 
ScHraAmM (1956 a and b)). 


b. Reducing sugar test according to VAN DuuREN (1955) 


This is a rough test for the presence of yellow virus in sugar beet. 
When the plants are infected the transport of metabolites to the 
roots is disturbed, which leads to a surplus of reducing sugars in the 
leaves. This could be determined by punching, preferably in the 
morning, a disc of 6 millimetres diameter from the central interveinal 
tissue of four outer leaves of a plant. These four discs were placed in 
a tube containing 4.5 ml water and 0.5 ml of a 0.5 % solution of 
3.5-dinitrosalicylic acid in 1 N sodium hydroxide. Several of such 
samples were kept at 100° Cin a water bath for 30 minutes. Immediate- 


1) The author wishes to express his thanks to Professor Van Slogteren and his 
collaborators for supplying this anti-serum. 
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ly after cooling optical density readings were taken at 500 my with 
a spectrophotometer, the transmission of the control tube without 
plant material being adjusted at 0. The colour was not stable and had 
to be measured within 2 hours. 

The optical density values with young healthy leaves was nearly 
zero: with older uninfected leaves from greenhouse plants they were 
somewhat higher, but always less than 0.13. With mature leaves from 
field-grown sugar beet plants even higher values may be found. 
Leaves with symptoms of infection gave optical densities higher than 
0.23. Values between 0.13 and 0.23 were difficult to interpret; they 
probably refer to infected leaves in the incubation period. 

In Table III an example of this test is given. 


TABLE III 
Wan Duuren test on sugar beet yellow virus 


Every sample consists of 4 discs (dia. 6 mm) punched from outer leaves. It is 

placed in a tube containing 4.5 ml water and 0.5 ml of a 0.5°/g solution of 

3.5-dinitrosalicylic acid in 1 N sodium hydroxide; the tube is kept in a water bath 
of 100° C for 30 minutes. 


: Days after | Incubation Optical density 
Plant material infection | time, days at 500 mu 
Normal healthy plants 0 0 0085 O03; 011 scr) 
Infected plants 
a. during incubation period 18 IR PS O09 0512S OAL Sem OLS2 


b. after incubation period 22, 44 PAN 0.35; 0.41; 0.46; 0.96 


c. Reso blue test 


This test, introduced by Igel and Lange to determine leaf roll virus 
in potatoes, is described by MUtnster (1955) and ScuusTeR (1956). 
It demonstrates callus formation by a blue colouration in the phloem. 
Diseased plants form more callus than healthy ones. The same holds 
for sugar beet plants affected by virus yellows. Sections (1—2 milli- 
metres thick) from the hypocotyl of a sugar beet plant were dipped in 
a reso blue) solution (100 mg/l) for 3 minutes, after which they 
were immersed in a 1 °% CaCl, solution to fix the dye. The microscope 
revealed blue callus stains 10-80 « long and about 15 u broad in 
the phloem. It was simple enough to distinguish severely diseased 
from healthy material, judging by the amount of callus formed. 
It proved to be difficult, however, to decide on the presence of virus 
during the incubation period. The results obtained in that period 
were often unreliable. The uneven distribution of the callus in the 
sections provided another difficulty. Therefore the selectivity of this 
test was not high. BRoapBenT and HEatucoTe (1957) came to the 


same conclusion when they used this method to investigate leaf 
roll virus in potatoes. 


d. 2, 3, 5-triphenyl tetrazolium chloride (TTC) test 
According to F. E. Smrru (1951) the insoluble red triphenyl 
1) Supplied by E. Gurr, Germany. 
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formazone is formed in the colourless solution of TTC in the presence 
of tissue by the following reaction: 


N-N-—Gls N—NH~—G.Hs 
CoH — CC +2e+2He CoH — OC 4+H+Cl- 
N=N— Oil NN CH, 
er 


The TTC acting as an electron acceptor for many pyridine nucleotide 
dehydrogenases. In 1955 Brat and Coworkers used TTC to detect the 
presence of viruses in plants. In virus-infected tissue (roots, stems, 
petioles or leaves) a relatively rapid change in colour from colourless 
via green, rust and amber to red occurs, whereas in virus-free tissue a 
similar but much slower change can be observed. 

The maximum differences were usually observed at 35° C within 
15-30 minutes after the sections had been immersed in 14-2 ml of 
a 0.1°/) aqueous solution. In the experiments described below, however, 
the reaction was performed at low pressure (9 centimetres Hg) in 
order to evacuate the air from the plant tissue, owing to which it 
sinks. As tissue five leaf discs of 6 millimetres diameter were used. 
Contrary to the common view it is of great advantage to note, not 
the colour changes of the sunken tissue itself, but those of the solution, 
as in the medium the reaction proceeds at a much lower rate. The 
discs need about 20—30 hours to sink. This is done in the dark; after- 
wards they are placed in daylight and the vacuum is removed. The 
colour change can be measured spectrophotometrically at 550 my 
within 10 hours. 

Leaf discs from healthy plants impart a red colour to the solution, 
while discs from diseased plants which have had symptoms for some 
time give a pink colour. Leaf discs examined during incubation 


TABLE IV 


TIC (2, 3, 5-triphenyltetrazolium chloride) test on yellow virus in sugar beet and on 
TMV in tobacco (White Burley) 


For each test 5 leaf discs of 6 millimetres diameter were used. They were placed 
in a 0.1 % solution of TTC at low pressure (9 cm Hg). About 48 hours later the 
change in colour was measured. 

Lo 2k ol. SU eee eee 
Days after Incubation | Optical density at 

infection time, days 550 my 
oe ee) ee eee 


Normal healthy sugar beet 
plants ee 0 0 O33 650!295 0325 


anfected sugar beet plants 
I. during incubation period | 8, 16, 18 | 20, 21, 20 |. 0:26;-0.605.0:51 
b. after incubation period 1995, Gi pee 20.1 o 0237 0.245 0.4 
Normal healthy tobacco 
plants ¥ 
Infected tobacco plants 
a. during ees period 2, 4, 4 9, f. '8 0.40; 0.48; 0.59 
b. after incubation period 14. 10 ager) ees Wes 0.54 


Plant material 
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produce a darker red colour of the solution than healthy ones. Table [V 
gives the corresponding optical density values.') 


e. Determination of plant (tissue) respiration according to Biom and 
EDELHAUSEN (1955) 


With the aid of an improved spectroscopic method OWEN (1955a, b, 
1956, 1957a,b) determined the respiration rate of tobacco plants 
infected with TMV, especially during the incubation period. In 
leaves the respiration rate increased within an hour after inocu- 
lation, being considerably higher than in the uninfected control 
plants. When the plants showed visible symptoms and the leaves 
contained the maximum amount of virus the respiration rate fell 
below that of the controls. As the increase in respiration rate started 
shortly after the leaves had been inoculated, long before virus multipli- 
cation was detectable by serology or by the glutinosa test, it was 
investigated whether this rate could be determined according to the 
method of direct CO, titration as described by BLom and EDELHAUSEN 
(1955). This method is based on the relatively great solubility of GO, 
in acetone. The CO, production of plants was determined in the 
following way. 

Through a closed container, in which plant material was kept in 
the dark, CO, free air was passed for a certain period of time and, 
together with the CO, produced by the plant, was led into acetone. 
The volume of air thus passed through was measured with a flow meter. 
The amount of CO, entrained was determined by titrating the CO, 
absorbed by the acetone with a 0.01 or 0.1 N solution of sodium 
methanolate (CH3ONa) in,,methanol, thymol blue being used as 
the indicator. 

Although this method was found to be not very reliable, indications 
were obtained that during the incubation time White Burley plants 
have a higher respiration rate than uninoculated plants. When after 
the incubation time the diseased plants have distinct symptoms, 
their respiration rate is probably less than that of healthy plants. 
The same seems to be true for sugar beet plants, although not to 
such a pronounced degree. 


f. Nicotiana glutinosa test 


To determine the amount of TMV some infected material was 
passed through a mincer and the sap used for inoculating one half 
of leaves of healthy Nicotiana glutinosa plants, the other halves being 
inoculated with a standard TMV solution of known virus content. 
The number of local lesions formed after a few days was counted. 
The content of tobacco mosaic virus can be determined by comparing 
the number of local lesions in the test half of the leaf with that of the 
control half. 


1) As it is difficult to prepare uniform samples from discs an improvement 
was made later on by using plant sap after centrifuging at 7000 r.p.m. during 
25 minutes. Also it is better to keep the reaction continuously in the dark as a 
TTC solution is light-sensitive. 
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However, the results are influenced by the age of the Nicotiana 
glutinosa leaves and, moreover, by the fact that these leaves are not 
uniform in shape and size; besides, it is impossible to calculate exactly 
the virus content in the plant if only a small part of this plant is 
used as test material. 

Testing chemicals for their chemotherapeutic activity on Nicotiana 
glutinosa has the drawback that this compound has to act merely on 
the spot where virus penetrates into the plant. Consequently, its 
action on a virus causing local lesions must be more vigorous than 
on a systemic virus. 

It must be pointed out that none of these methods is entirely trust- 
worthy. Therefore, in investigating the chemotherapeutic effect of 
various compounds all the methods mentioned above were applied. 
As it proved to be too time-consuming to examine the whole range of 
compounds in this way, only those were tested further which influenced 
the virus multiplication at least in such a way that the visible symptoms 
became less distinct. It must be remarked, however, that the serious- 
ness of the symptoms does not always correlate with the amount of 
virus present, as Coons (1954) described for virus yellows in sugar beet. 

A chemotherapeutic effect was considered positive only when the 
results of all the tests mentioned were in agreement. 


6. APPLICATION OF COMPOUNDS EXPECTED TO HAVE 
CHEMOTHERAPEUTIC ACTIVITY 


The chemicals to be tested were always applied before infection 


took place, either by spraying the leaves or through absorption of a 
solution via the roots. 


a. Spraying 


Fifty mg of the chemical to be tested was dissolved in 50 ml water, 
or, in several instances, in 2 ml acetone containing 0.1 °% Triton X 1551) 
as wetting agent and poured into 48 ml water. The plants, placed 
in an area of 0.5 square metre, were evenly sprayed with this solution 
at 3 atmospheres in high volume (50 ml/0.5 square metre is 1000 
litres/hectare). The same number of control plants were sprayed with 
water containing acetone and wetting agent. 

Two days after spraying the plants were inoculated with the 
exception of a number of them, which was the same in the two sets 
of plants. Thereupon, if the results were promising the plants were 
examined by the methods just described, either once more during 
the incubation time or at the end of this period. Compounds which 
showed no chemotherapeutic activity in a 0.1 % w solution were 
considered to have no anti-virus properties. If a 0.1 °% w solution 
appeared to have a phytotoxic effect on the uninfected control 
plants lower concentrations were tested. 


1) Rohm and Haas, USA. 
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b. Absorption via the roots 

The compound enters the plant through the roots and is transported 
to the leaves and the upper growing point. 

Healthy plants were lifted from their pots. Their roots with adhering 
soil were kept in an 0.1 % w aqueous solution (mostly without acetone 
and wetting agent) for 24 hours. Subsequently they were potted up 
again and 24 hours later were inoculated with the virus. This 1s 
called the dipping method. As to the controls the same precautions 
were taken as with the spraying technique. 

In modern practice nursery plants are often transplanted with 
so-called “soil blocks”; in this case the dipping method may be of 
more practical value than the spraying treatment. 

A drawback of the dipping method is that an unknown, maybe 
sometimes large, quantity of the substance is absorbed by the adhering 
soil, which may delay the absorption by the plant to a point of time 
too late to prevent virus multiplication. 

To prevent this disturbing effect the plants, after having germinated, 
were transplanted in 13-2 kilogrammes of sterilized sand in red 
plastic ““Vinidur” boxes (20 x 20 x 10 centimetres; the red colour 
was chosen because it contrasts well with the plant material). The 
roots of the test plants were rinsed with tap water; 8 plants were 
planted in each box. Then the chemical under test was added, in a 
concentration of 0.001-0.01 % w, to 150-200 ml of Knopp’s solution 
and with this mixture the sand was wetted evenly (nutrient technique). 
Usually two days later six plants were inoculated with the virus in 
the common way, the.other two remaining uninfected. The controls 
were the same as with the spraying technique. 


Ill. EXAMINATION OF ANTI-VIRUS SUBSTANCES IN THE 
GREENHOUSE 
1. LiTeRATURE 


A compound will be regarded as an antivirus factor when, upon 
penetrating into the plant tissue, it can inactivate the virus in vivo 
or inhibit the virus multiplication; besides, it must not produce a 
phytotoxic effect in the concentration used. 

In Table V a survey is given of the various antivirus compounds 
(column 1) mentioned in the literature (column 5). 

The concentrations used are not recorded; they were always low, 
varying from 0.001 %—1 %. In columns 2 and 3 the plants and 
viruses are recorded on which the influence of the chemotherapeutic 
was investigated; it can also be found when the local lesion method 
was used to determine the degree of activity (TMV with as host plant 
Nicotiana glutinosa or bean, Southern bean mosaic virus and its host 
Pinto bean). As pointed out on page 377 this method has serious 
drawbacks as an in vivo test. 

Sometimes it is not clear whether an inhibitor activity is described 
or whether the compound displays real, i.e. in vivo antivirus activity. 
Therefore in column 4 of the table the methods used to apply the 
compounds are indicated. 
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MattTHews and SmirH (1955) and Rotanp (1955) have given 
reviewing articles on this subject; WrtnrrauB and Kemp (1955), 
who investigated Nicotiana glutinosa, and ScHLEGEL and Raw ins 
(1953; 1954.a, b) who applied the leaf disc technique, have given 
extensive lists of all chemicals screened by them. 

It appears that most investigations have been done with 2-thiouracil, 
guanazolo, the triphenylmethane dyes (malachite green), growth 
substances, and inorganic nickel, zinc and calcium salts. The other 
compounds mentioned have scarcely been examined and it seems 
desirable to verify their activity by more research. 

2-Thiouracil, a representative of the pyrimidines, is first described 
as an antivirus factor by ComMMoNnER and MERcER (1951); they 
used TMV in tobacco with the leaf disc method. Antivirus activity 
was found at concentrations of down to 4.3.10-> mols per litre. 
According to these authors thiouracil is incorporated in the virus 
particle where it replaces uracil and inhibits virus propagation. 
The same view is held by JEENER and RossEEts (1953), who worked 
with *°S labelled thiouracil, by MatrHews (1953 a,b; 1954), and 
by Matruews and Smiru (1955). The first-mentioned authors were 
able to trace the radio-activity in the virus particle. NicHots (1953) 
also accepts this view, but he points out that this substance is phyto- 
toxic, as it causes chlorosis of the plant and thus inhibits virus multi- 
plication. 

Porter and WEINSTEIN (1957) also stress the harmful effect (inter- 
veinal chlorosis) of thiouracil on the plants and point out the anti- 
metabolic relationship:between thiouracil and uracil. 

The antivirus activity of ‘¢uanazolo (8-azaguanine or 5-amino-7- 
hydroxy-1-V-triazolo(d)-pyrimidine) and related compounds mainly 
towards lucerne mosaic virus and TMV, obtained by spraying white 
clover or tobacco plants, or drenching the soil in which these plants 
grow, with concentrations up to | % is mainly described by MATTHEWS 
(1951, 1953 b, 1954) and by Matruews and Smirx (1955). MATTHEWS 
states that guanazolo had already been described as a strong inhibitor 
of the growth of microorganisms (see also CHANTRENNE and DEvREUXx 
(1958)), fungi and algae, and of virus tumours (NIcKELL and Co- 
workers (1950), CHANTRENNE and Devreux (1958)), even of malignant 
cells in mice. It was suggested that the growth inhibiting effect 
should be attributed to the interference of guanazolo with the in- 
corporation of guanine in the nucleic acids. A similar conclusion was 
drawn from the experiments on the effect of guanazolo on the 
reproduction of lucerne mosaic virus; 3-4 °% of the guanine in the 
virus nucleic acid was replaced by 8-azaguanine. This incorporation 
reduced the infectivity of the virus. 

Other investigators (BAwpEN (1954); RusseL and Trm (1957)) 
do not sustain this theory, as both thiouracil and 8-azaguanine have 
a marked phytocidal effect. As these compounds affect the metabolism 
of plants enough to change their appearance there is, according to 
BawbEN (1954), obvious reason to suppose that they inhibit virus 
multiplication by affecting some host-cell mechanism rather than by 
acting directly on the virus particle. 
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The activity of the triphenylmethane dye malachite green was 
first mentioned by TaKaAnasHi (1948). He floated tobacco leaves 
inoculated with TMV on malachite green solutions and observed that 
in concentrations as low as 2 ppm the virus synthesis was inhibited. 
He suggested that the compound acts as a block in enzyme reactions, 
leading to virus formation, but it was already known that malachite 
green inhibits the activity of a dehydrogenase in Escherichia coli and 
also affects the respiration of tobacco stem tissue. Its technical use 
is hampered by its very poor penetration ability. Malachite green 
also greatly reduces intercellular growth of influenza virus and itsis 
suggested that this effect may be due to interference with ribonucleic 
acid metabolism (Hoy.e, 1951). 

Besides, it is known from the work of Braun (1951), RyzHKov 
and Coworker (1950) and Kauscue and Coworkers (1950) that 
triphenylmethane dyes react with proteins, particularly with the 
nucleoproteins of TMV in vitro. In particular, an inactivating effect 
was found for alkaline triphenylmethane dyes. 

The chemotherapeutic activity of the growth substances is difficult 
to interpret, because Hartman and Price (1950) even found that 
under certain circumstances growth regulators of the 3-naphthoxy 
acetic acid group increased Southern bean mosaic virus synthesis in 
Pinto bean. 

The antivirus activity of nickel, zinc and calcium salts has been 
investigated by several research workers, but has not been explained 
satisfactorily either. 


Ze COMPOUNDS TESTED FOR CHEMOTHERAPEUTIC ACTIVITY 


Several chemicals were examined in order to determine their 
antivirus activity. A° choice was made from the most important 
compounds mentioned in Table V and related substances; in addition, 
benzimidazoles, thiourea derivatives, sulphanilamides and nitroso 
compounds were included in the investigation. In the group of the 
nitroso compounds antivirus activity could fairly soon be demonstrated 
with p-nitroso-dimethyl-aniline on all plants used. This was an 
incentive to examine a series of this type of compounds. A survey of 
all the compounds tested for their chemotherapeutic activity is given 
in Table VI. 

In order to obtain a rough measure of the chemotherapeutic 
effect the incubation periods of the virus-infected plants, both with 
and without application of the compound under test, were determined. 
From these two values the percentage change of the incubation period 
brought about by the compound was calculated. This was done for 
all the virus-host plant relations tested. Each experiment was 
repeated at least 3 times in the summer season, care being taken that 
the various virus-host plant relations participated in| the calculations 
of the average in the same ratio. Thus, this procedure provided a sound 
basis for estimating chemotherapeutic potency. It is true that this 


average value does not make the best possible use of the information 


available, as it ignores the specific differences in effect of a compound 


. 
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TABLE VI 
Compounds tested for their chemotherapeutic activity 


Virus-host relations investigated: sugar beet yellow virus—sugar beet; ‘TMV—tobacco: 
(White Burley, no. 11, Nicotiana glutinosa); ‘TMV—tomato; Phaseolus virus 1—French bean; 
Phaseolus virus 2—broad bean. 

The compounds were applied according to the methods described on pages 377 and 378i 
ina 0.1 % solution for spraying and dipping and in a 0.001 % to 0.01 % solution for the nutrient 
technique (with and without 0.04—0.4 % acetone and wetting agent). ‘The plants were infected. 
with the virus 2—3 days after they had been treated with the compound. 

The incubation periods of the virus-infected plants, both with and without application of 
the compound tested, were determined. From these two values the percentage change of the: 
incubation period brought about by this compound was calculated. ‘This was done for all the: 
virus-host plant relations tested; each experiment was repeated at least three times in the course: 
of 1-3 years. The average values of these percentage changes are given in column 3. 

The phytotoxicity of the compounds was roughly reduced from the observed injurious effects: 
and the retarded growth of the treated, non-infected plants as compared with the untreated 
controls. 


+-+: marked, +: mild, and —: no phytotoxicity. (see column 4) 


A. COMPOUNDS WITH CHEMOTHERAPEUTIC ACTIVITY 


3 = Bl 6s 
Compound Chemical structure Bas Bs 
S58| Ag 
| 3 
ee ee ee 
a. WNitroso compounds | 
1. WNitrosoaminoaryl compounds 
p-nitrosodimethylaniline | ON cid: N(CHs). | 10 }4+-+ 
— .HCI salt = = HCl 10 | + 
— .H;PO, salt — HPO; | 10 | — 
Vie 
— .ZnCl, complex ONC > N(CH | .ZnCl, | 
= JCKCll, Comyolex I = },.CoCl, i\ => 
— .H,Fe(CN), complex [ — ],.H,Fe(CN), ab | ee 
— .Ni(CIO,), complex [ = Ja-Ni(C1O,), Bee 
p-nitrosodiphenylamine SS ONG 
-CuCl, complex [ on We > iS < | .CuCl, 3) 
2. Nitrosohydroxyaryl compounds 
p-nitrosophenol ONC Son EP bee. 
ee NI Cleecomplex as .NiCl, 7) — 
OH 
o-nitrosophenol po 
.NiCl, complex Ge YNO.NiCl, 1S: Nes 
— .CuSO, complex — -CuSO, 8] + 
— .ZnSO, complex = .ZnSOQ, 7 | — 
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TABLE VI (continued) 


— —— — ee eee 


Compound 


Chemical structure 


Se eee 


o-nitroso-p-sec-cetylphenol 


o-nitroso-p-sec-octylphenol | 


o-nitroso-p-chlorophenol 
-CuSO, complex 


o-nitroso-p-cresol 
-CuSO, complex 


m-chloro-p-nitrosophenol 


dinitrosoresorcinol 
-CuCl, complex 


1-nitroso-2-naphthol 


-NiCl, complex 


1-nitroso-2-naphthol-3,6- 
disulphonic acid (Na salt) 


1-nitroso-2-naphthol-3,6- 
disulphonic acid .NiC], 
complex 


1-nitroso-3-bromo-2- 
naphthol 


]-nitroso-2-(1-carboxy- 
ethyl) ethoxynaphthalene 


OH 
i \\NO 
OH 
Ci Hs, . NO 
| 
OH : 
NO C,H, 
| -CusO, 
AS OH 
. NO 
ii arCuso: 
OH WY 
CH, 
\ JZ Gl ae 
NO y NO 
l } 
NO HO \ -CuCl, 
ae oH a 
Ye 
= .NiCl, 
Ng ee 
Soke 
NaO,§ J. 8O,Na 
NO 
Vine VAS MON 
) iter 
NaO,S\_/\ 7 SO;Na 
NO 
We LOCO 


_@ NO) CH, 
U7 RS OLE COGH, 
| 


| 
DY : 


Chemo- 
therapeutic 


activity 


3 


Phyto- 
toxicity 
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TABLE vi (continued) 


Compound 


) ee SS 


3. Other types of nitroso 
compounds 


x-nitrosoisobutyric amide 


b. Pyridones 


1-amino-4-oxy-6- 
methylpyridone 


1,6-dimethyl-4-oxypyridone 


c. Pyrimidines 


2-thiouracil 


2-phenyl-4,6-dihydroxy- 
pyrimidine 


2,4-diaminopurine 


8-azaguanine (guanozolo) 


d. Benzimidazoles 


1-(benzimidazole-2)-1,2,3,4, 
5-pentahydroxypentane 


328) a3 
Chemical structure Bak BS 
o83 us 
4 
CH, O 
ee 
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TABLE VI (continued) 


a 


sBal gs 
Compound Chemical structure eS $8 
PEI 
3 2 
poe ‘sdicoriae) Ua CH,CH,COOH 
B-(3-indolyl) propionic acid | | | || Pel ace 
YY \n7 
H z 
YEN CH,CH,CH,COOH 
y-(3-indolyl) butyric acid ! | Se 
Woy Sey 
Nz N’ 
H 
a ; £CeH,=N(CHs)2 7+ 
malachite green | cated | Gie oes 
| ‘C,H, —N(CH,)2 
NH, 
. Sulphanilamides | aes 
Sulphanilamide 
P x } 7) + 
SO,NH, 
. Inorganic compounds 
zinc chloride i Yoxr viel 
zinc sulphate | ZnSO, Fl ake 
nickel chloride |  NiCl, os 


CoMPOUNDS LACKING CHEMOTHERAPEUTIC ACTIVITY 
fitroso compounds 


. Nitrosoaminoaryl compounds 
p-nitrosodimethylaniline.CdCl,, MgCl,, FeCl,, CuCl, or urea complexes; p-nitrosomono- 
methylaniline, p-nitrosodiphenylamine, p-nitroso-N-cyclohexyl-N-ethyl-aniline, p-nitroso- 
triphenylamine, N-nitroso-N-methylaniline, potassium salt of phenylnitrosoamine, 4-nitroso- 
l-naphthylamine sulphate, 1-nitroso-2-naphthylamine, p-nitrosodimethylamine, p-chloro- 
nitrosobenzene, methylphenyl-N-nitrosoamine. 

. WNitrosohydroxyaryl compounds 
1 hydroxy-2-methyl-4-nitrosobenzene, 1-hydroxy-3-methy]-4-nitrosobenzene, 2,5-dinitroso- 
resorcinol, 5-nitroso-2-oxydiphenyl, 1-nitroso-4-naphthol, 2-nitroso-l-naphthol, 1-nitroso- 
6-methylnaphthol-2, 5-nitroso-8-hydroxyquinoline, 2-nitrosophenol, 5-nitroso-1-naphthol, 
2-nitroso-5-chlorophenol and its copper chloride complex, 2,4-dichloro-6-nitrosophenol, 
1-nitroso-3-chloro-2-naphthol, 8-nitroso-1-naphthol, 8-nitroso-2-naphthol, 5-nitroso-2-naph- 
thol, 2-bromo-4-nitrosophenol, 2-chloro-4-nitrosophenol, acetylated 1-nitroso-2-naphthol, 
acetylated 1-nitroso-4-naphthol, 1-nitroso-2-naphthol and its copper chloride complex, 
nitrosoorthocresol, nitrosometacresol. 

_ Heterocyclic N-nitroso compounds 
N-nitrosopiperidine, N-nitrosomorpholine. 

Other types of nitroso compounds 

~ Potassium salt of nitrosoformamidoxine, a-nitrosoisobutyroamidine hydrochloride, N-nitroso- 
methylurethane, m-nitrosotoluol, nitrosation product of diphenylether, nitroso-p-ethoxy- 
acetophenone, nitrososalicylic aldehyde and its copper chloride complex, 4-nitrososalicylic 
acid and its copper chloride complex. 
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on the various virus-host plant systems. However, it is of practical 
use, the more so as a large number of virus-host plant relations 
are concerned. 

Compounds with a marked chemotherapeutic activity (arranged 
in order of decreasing activity) are: 
o-nitrosophenol.NiCl, complex, 1-nitroso-2-naphthol, p-nitroso-phenol, 
|-nitroso-2-naphthol-3,6-disulphonic acid (sodium salt), o-nitroso-p- 
chlorophenol.CuSO4 complex, 2-thiouracil, p-nitroso-dimethylaniline, 
p-nitrosodimethylaniline.HCl salt, p-nitroso-dimethylaniline.H;PO, 
salt, p-nitrosodimethylaniline.ZnCl, complex, p-nitrosodiphenylamine. 
CuCl, complex, o-nitrosophenol.CuSOa complex, malachite green, 
nickel chloride, p-nitrosodimethylaniline.COCI, complex, p-nitroso- 
phenol.NiCl, complex, o-nitrosophenol.ZnSO, complex, 1-nitroso- 
9-naphthol. NiCl, complex, sulphanilamide, zinc chloride, zinc 
sulphate, 1-nitroso-2-naphthol-3,6-disulphonic acid (sodium salt). 
NiCl, complex, and «-nitrosoisobutyric amide. 

One of the most active antivirus compounds so far investigated 1s 
p-nitrosophenol. m-Nitrosophenol, on the other hand, had no activity 
at all. As o-nitrosophenol could not be used owing to its instability 
its metal salts were examined. It could be demonstrated that especially 
its nickel salt had an attractive chemotherapeutic activity. Nacoteana 
rustica plants treated with this salt and, two days later, inoculated 
with TMV did not develop any symptoms of the disease. ‘These plants 
did not contain the virus in an amount that could be detected serologic- 
ally. Unfortunately, in further experiments it appeared that these 
metal salts of o-nitrosophenol. are still too unstable to expect that they 
will be of any use in practicé. Therefore, their activity was not further 
investigated. 


The active nitroso compounds are poorly soluble in water; it was investigated 
whether this could be improved by solving 50 milligrams of the chemical in vy 
millilitres of acetone mixed with 0.01 % Triton X 155, as already described in 
II 6a. This procedure gave a better result. Alcohol could not be used as a solvent 
on account of its harmful effect. 1-Nitroso-2-naphthol proved to be better soluble 
in the form of its sodium or potassium salt. without losing its anti-virus activity. 

It was tried to improve the formulation by adding: ethyl acetate, dioctyl phos- 
phate, trichloropropane, some paraffinic oils, orthoboric acid, glucose, potassium 
or sodium hydrocarbonate or sodium phthalate, alkaline sulphite, ‘T-pol or Triton 
X 155, but of these only Triton X 155 had a favourable effect. This detergent 
improves spreading and wetting of the plant without being phytotoxic. 


The compounds tested differ widely in phytotoxicity. Those having 
marked phytotoxic properties, such as thiouracil, had to be excluded 
from further investigations, as they would be of no importance for 
practical use. 

The most active chemotherapeutic compounds which are not 
phytotoxic are: 
o-nitrosophenol.NiCl, complex, |-nitroso-2-naphthol, p-nitrosophenol, 
o-nitroso-p-chlorophenol.CuSO, complex, p-nitrosodimethylaniline. 
H,PO, salt, p-nitrosodimethylaniline.ZnCl, complex, p-nitrosodi- 
phenylamine.CuCl, complex, nickel chloride, p-nitrosodimethyl- 
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aniline.CoCl, complex, p-nitrosophenol.NiCl, complex, 0-nitroso- 
phenol.ZnSO4_ complex, I-nitroso-2-naphthol-3,6-disulphonic acid 
(sodium salt).NiCl, complex. 


It was a disappointment that p-nitrosodimethylaniline proved to be too phyto- 
toxic; even with a solution of this compound that just showed a slight chemo- 
therapeutic activity the symptoms of its toxic effect appeared. Therefore it was 
investigated whether complexes formed by p-nitrosodimethylaniline and metal 
salts, such as CoCl,, Ni(ClO,),, MnCl, CaCl,, ZnCl, and CuCl,, would give 
better results. The experiments showed that the CoCl, and Ni(ClO,), complexes 
had a positive chemotherapeutic activity against TMV in Nicotiana tabacum (var. 
no. 11), while the ZnCl, complex suppressed TMV in Nicotiana rustica. No activity 
was observed with these compounds in a 0.1 % Solution. However, the chemo- 
therapeutic activity of these salts generally remained so far behind that of other 
nitroso compounds that these salts had to be excluded from further research, 


It seemed worth while to determine whether these compounds 
were not toxic for rabbits either. It was demonstrated that compara- 
tively large amounts (1-3 grams) of these compounds could daily be 
mixed with the food for 6 weeks without having any harmful effect on 
the animals. Examination of their organs (liver, spleen, kidney, etc.) 
did not reveal visible aberrations. These observations justified a 
more extensive inyestigation into the effect of these compounds. 


3. INFLUENCE OF THIOURACIL AND THE NON-TOXIC 
CHEMOTHERAPEUTIC COMPOUNDS 


First of all the influence of the non-toxic chemotherapeutic nitroso 
compounds on the incubation period of several viruses was determined 
(Table VII) ; this influence is expressed as the average of the percentage 
increase in the incubation period. 

The normal incubation time strongly depends on the environmental 
and developmental conditions of the host plants. Moreover, the 
increase in incubation period due to treatment with a chemothera- 
peutic compound showed an approximately proportional variation 
rather than independence of the length of this period. As generally 
the results vary considerably from one occasion to another it was 
necessary to take the following precautions. 

All the experiments had to be performed during the period from 
April to the end of August with young plants, in the four-leaf stage 
of development which had been grown under favourable conditions 
in a greenhouse and whose incubation time remained within the 
following lower and upper limits: 18 and 22 days for sugar beet, 
8 and 10 days for tobacco and 10 and 12 days for beans and tomato, 
respectively. - 

In addition, the experiments with the most active compounds 
were repeated many times in the course of a period of 2 to 3 years, 
The calculation of the percentage increase of the incubation period 
approximately eliminates the small differences remaining between the 
incubation periods and renders the results better comparable. 
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TABLE VII 


Influence of some non-phytotoxic nitroso compounds with 
chemotherapeutic activity 


The compounds were applied according to the methods described in II. 6. The 
plants were infected with the virus 2 days after application of the chemical. 
S: spraying of a 0.1 % solution of the compound on the leaves; D: dipping of 
the roots in a 0.1 % solution of the compound for 24 hours; N: adding of 15 mg 
of the compound to 150 ml of Knopp’s nutrient solution. I = 2-nitrosoisobutyric 
amide; Il = o-nitroso-p-chlorophenol.CuSO, complex; III = p-nitrosophenol; 
IV = o-nitrosophenol. NiCl, complex; V = 1-nitroso-2-naphthol. 

nn La aEE Ea S ND Sa 
Average percentage 

Method of | increase in incubation 


Virus Host plant application period after adding 


1 is NY Wa AY Ww 

Yell ir Sugar beet iS) 0|10; 4) 6} 8+1.3 

Pe é D or N 0} 8/10)12) 10+1.9 

TMV Nicotiana rustica 5 10/30) 14/26] 21 4+ 4.4 

D or N 10|30|16)18| 14+ 4.1 

Nicotiana tabacum S 16| 6/10/40} 8+2.4 

D or N 14] 14| 22] 38]. 19 + 4.1 

Nicotiana glutinosa S 0/10) 4] 6| (25 repli- 

D or N 0; O| 6] 6 cates) 

Phaseolus virus 1 | French bean S 10|10|26| 4 
DroneN i t2 1 OZOn LO 


Phaseolus virus 2 | Broad bean S 0} 4/14] 10 
. D or N 0|10)16| 4 


Table VII confirms that «-nitrosoisobutyric amide has a moderate 
chemotherapeutic activity, whereas 1-nitroso-2-naphthol, o-nitroso- 
p-chlorophenol. CuSO, complex, p-nitrosophenol and o-nitrosophenol. 
NiCl, complex belong to the most active compounds tested. 

The question may arise whether the effect of a chemotherapeutic 
compound depends on the type of virus, the host plant and the 
way this compound entered the plant. Now the individual observations 
show considerable variation and this prevents making a general 
inference. Table VII, however, enables the conclusion to be drawn 
that the activity of a chemotherapeutic substance may depend on the 
factors mentioned. It appeared that 2-nitrosoisobutyric amide in 
0.1 % solution does not interfere with the development of yellow virus 
in sugar beet, of TMV in Nicotiana glutinosa or of Phaseolus virus 2 in 
broad bean; p-nitrosophenol strongly inhibits the development of the 
last-mentioned virus, whereas it hardly interferes with the propagation 
of TMV in Nicotiana glutinosa. In some cases the way in which the 
chemotherapeutic substance enters the plant is of great importance 
to its activity. However, it must be admitted that it is not easy to 
draw conclusions from our experiments, as the quantity of active 
compound penetrating into the cells is not known. Therefore, the 
differences in activity may be attributed to differences in permeability 
as well as to specific reactions of the viruses and host plants. 
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It seemed desirable to investigate for the most active chemothera- 
peutic compounds whether there is a large difference between the 
minimum concentration bringing about an anti-virus effect and the 
maximum concentration that does not cause any symptoms of damage 
to the host plants. Table VIII gives the results of one of these ex- 
periments; thiouracil was included as a phytotoxic substance. The 
lowest concentration of this compound that still counteracted the virus 
always had a marked injurious effect on the host plants, whereas 
with p-nitrosophenol and the copper complex of o-nitroso-p-chloro- 
phenol there was a definite difference between the critical concen- 
trations: the toxic effect appeared at a concentration 2—2.5 times as 


high as the one leading to a chemotherapeutic effect. 


Solutions containing both thiouracil and p-nitrosophenol or 
thiouracil and 1-nitroso-2-naphthol were also tested. It might be 
expected that with these solutions, considering the much lower 
concentration of thiouracil, the chemotherapeutic effect of this 
compound would be relatively more pronounced than its injurious 
effect. This was definitely the case, but the effect was insufficient, 
the mixtures still being too toxic, particularly for French and broad 
beans. 


IV. FIELD EXPERIMENTS 


1. INTRODUCTION 


The experiments described in the preceding chapter were carried 
out with seedlings afew weeks old. It may be expected, however, 
that the response of such young plants, grown in a greenhouse and 
artificially infected with virus, to a treatment with chemotherapeutic 
compounds will differ considerably from that of older or full-grown 
plants in the field which have been infected with virus under natural 
conditions. The compounds may have a stronger effect on seedlings 
than on full-grown plants; moreover, the consequences of a virus 
infection may be more harmful to young plants, when they are 
insufficiently protected by the chemotherapeutic agents. On the 
other hand, in field experiments these compounds have to remain 
active for some considerable time, as infection may occur on several 
occasions; this prolonged activity can be obtained by more frequent 
application of the chemical. For these reasons it seemed appropriate 
to perform several series of field experiments in the course of five years. 

The response to chemotherapeutic treatment was determined by 
comparing the yields of virus-infected plants in treated and in un- 
treated field plots. It is obvious that only those compounds were 
chosen which in the experiments described in Chapter III had 
produced the best results. 

In 1953, the first year of our field experiments, 0.1 % solutions of 
p-nitroso-phenol, the potassium salt of 1-nitroso-2-naphthol and of 
thiouracil, as well as 50/50 mixtures of thiouracil and one of the 
nitroso solutions mentioned were sprayed in high volume (1000 
litres/hectare), once or twice before and once, twice or three times 
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after inoculation at intervals of about two weeks. The chemothera- 
peutic activity was tested on Phaseolus virus 2 in broad beans, 
Phaseolus virus | in French beans, and on TMV in Nicotiana tabacum 
(var. no 1] and White Burley) and Nicotiana rustica. 

The first results obtained were so promising that in the following 
years the investigation was continued with more extensive field 
experiments. Thiouracil and its mixtures were not further examined 
on account of their phytotoxicity to the bean plants, which resulted 
in a considerable decrease in seed production. Experiments on the 
effect of 1-nitroso-2-naphthol-3,6-disulphonic acid (Na salt), o-nitroso- 
phenol.NiCl, complex and o-nitroso-p-chlorophenol.CuSO4 complex 
were now included. 

The effect of all the compounds sprayed on virus development was 
investigated by varying the concentration range from 0.05 % to 
2.0 %, by repeating the spraying 3-8 times or by varying the spraying 
period (before, at the time of or after natural infection by aphids). 

The investigations were extended to comprise yellow virus and 
sugar beet; in fact, with these plants by far the most trials were 
performed. 

A few experiments were done in which the above-mentioned 
compounds were used as seed dressings. ‘The experimental conditions 
remained otherwise unchanged. 

The field plots were situated in different regions of the Netherlands: 
in the experimental garden of the Koninklike/Shell Laboratory at 
Amsterdam; in the Eemnesserpolder!); at Renkum; at Well, Bergen 
and Siebengewald in the Northern part of Limburg—one of the areas 
where virus yellows causes most serious damage to the sugar beet 


TABLE IX 
Climatological conditions during the years of the field experiments 


Deviations from the average temperature (° C) and average rainfall (in millimetres) 
in the Netherlands (de Bilt) from 1953-1958. The standard values used are those 
calculated for 1955 over the period 1921-1950. 


Average Deviation (° C) from average in 
See temp., °C | 1953 | 1954 | 1955 | 1957 | 1958 
March—May 8.6 + 0.3 | —0.1 | —2.0 | + 0.5 | —1.6 
June-August 16.4 + 0.1 | —14] +0.3 | + 0.4 | —0.2 
September—November 9.8 + 1.3 | + 0.9 | + 0.3 | —0.2 | + 0.9 

Average Deviation (%) from average in 

Season é 

rainfall, mm | 1953 | 1954 | 1955 | 1957 | 1958 
March—Ma 150 — 34 | — 14 0) || jl) | == 6 
saesaarict 214 += 38 aE ay) || — 85) Je Bey |, ae 7 
September—November 218 —69 | +20 | — 5 | +25 | —16 


1) The author is very much endebted to the management of the “Koninklijke 
Beetwortelzaad Cultuur Kuhn and Co”, Naarden for the use of a part of their 
experimental field, and for the harvest analysis, free of charge, performed by 
them in 1953. 
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crop—and in the experimental garden of I.P.O. at Wageningen. 

In the following sections the experiments carried out to limit the 
effect of the virus infections mentioned and their results are described. 
A survey of the climatological conditions during the years these 
experiments were done is given in Table IX. 


9, BEAN VIRUSES IN BROAD BEAN AND FRENCH BEAN 


In 1953 and 1954 the effect of p-nitrosophenol, of 1-nitroso-2- 
naphthol (K-salt) and of o-nitroso-phenol (NiCl, complex) was 
determined, in small experiments; the 1954 results on broad bean are 
recorded in Table X. 


TABLE X 


Preliminary experiments on the effect of chemotherapeutic compounds on the yield of broad 
bean plants inoculated with Phaseolus virus 2 


Two experiments, 20 plants per plot of 2} square metres. Exp. A: Seedlings planted 

on 12-4-1954; Sprayed on 14-5, 19-5, 3-6 and 17-6-1954; Inoculated by hand 

on 21-5-1954. Exp. B: Seeds sown on 12-4-1954. Sprayed on 3-3, 14-6, 17-6 and 

24-6-1954; Inoculated by hand on 21-6-1954. Natural infection by aphids also 

occurred; insects killed with a parathion spray (0.05 %) on 11-6-1954. Harvest 

on 22-7-1954. Yield on infected untreated plants: Exp. A: 100 seed pods, weight 
810 g; Exp. B: 235 seed pods, weight 2540 g. 


Concentration of spraying solution 
0.1595 0.2 3 
Spraying compound Experiment | % increase of yield as compared 
with infected untreated plants 
On , sjot ‘ 
ae ie weight Pas ve weight 
p-nitrosophenol A +130} +160; +70 | + 140 
B + 20} + 40; —30 |— 20 
l-nitroso-2-naphthol (K salt) A — 10; + 20} +80 | + 100 
B 0;— 10} +20) + 20 
1-nitroso-2-naphthol-3,6- A + 30} + 50) +80 | +110 
disulphonic acid (Na salt) B 0 0; +20 }+ 30 
o-nitrosophenol (NiCl, complex) A + 10/) + 90 
B 0; + 10 


These experiments were only of a tentative nature, the number of 
replicates was too small. The same applies to the experiments in 
which the effect of these chemicals on French bean was determined. 

All these results go to show that p-nitrosophenol may have chemo- 
therapeutic activity in comparatively low concentrations (0.1 %). 
The nitrosonaphthols had a favourable effect rather at higher con- 
centrations (0.2 %), although when applied on French bean these 
compounds were also active at 0.1 %. It will be seen that the figures 
of Table X show a considerable variation. This is also due to the 
fact that a small favourable effect of spraying will result in a relatively 
high percentage increase when the plants are heavily attacked by 
the virus, whereas this value is relatively low when the virus disease 
does not seriously affect the plants. 
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3. YELLOW VIRUS IN SUGAR BEET PLANTS 


In the period of 1954-1958 experiments were undertaken in order 
to establish the influence of spraying sugar beet infected with yellow 
virus with nitroso compounds. This was done by determining the 
sugar yield of sprayed and unsprayed plots of sugar beet. 

The seeds were drilled in rows of 35 or 40 centimetres and singled 
out at distances of 20-32 centimetres to obtain the same density as in 
a field with 70,000 plants/hectare. 


It has often been suggested (LUDECKE 1945, ScHOENE 1954, Srmon 1954) to grow 
sugar beet crops at a higher density, even up to 100.000 plants/hectare. 
‘The area is sooner covered by the crop and this is attractive. For the aphids prefer 
a crop with open spots, which often occur in fields containing 50-60.000 beet 
plants/hectare. At this density, however, the root crop develops better. 


It is worth mentioning that the trial plots in the northern part of 
Limburg were situated in a field of a few hectares on which sugar 
beets were grown. The plants were infected with yellow virus in the 
natural way by aphids. In 1954 the aphids appeared rather late due 
to the cold weather. Hence the first symptoms of the disease did not 
appear until 10th July, about a fortnight later than in normal years. 

In the other experiments, viz. those at Amsterdam, in the Eem- 
nesserpolder, at Renkum and in the I.P.O. garden in Wageningen, 
the plants were cultivated in experimental fields. They were infected 
by placing 6-10 aphids on every plant, as it was not quite certain 
that the natural infection would be sufficient. A few days later the 
aphids were killed by a Systox spray in order to prevent the aphids 
from migrating to other crops in the neighbourhood. The symptoms 
of the disease became visible at the expected time, about three weeks 
after the date of infection. 


Distribution of the 
56 sugor yields 
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Graph. 1 Frequency distribution of yield of sugar beet plants infected with 
sugar beet yellow virus and sprayed with 0.1°/, solution of I-natroso- 
2-naphtol (potassium salt) 

Yield of sprayed plants expressed in °/) of yield of untreated control plants 


* normal distribution curve 
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All experiments were performed in blocks with plots of 14 or 
28 square metres (100-200 beet plants). These plots were randomized 
to enable a variance analysis to be made at harvest time according 
to the FiscHer (1951)—Kurprr (1952) methods. Invariably 3-5 
replicates were investigated at the same place and time and the 
average value of the analysis was regarded as its results. 

In all, 56 field experiments in which sugar beet plants were sprayed 
with l-nitroso-2-naphthol in 0.1 % solution were carried out in 
5 years. The sugar yield of 100 virus-infected plants treated with this 
compound was 107 % + 1.5 of the yield of the infected but untreated 
control plants. The increase, though small, was significant. Graph 1 
shows the frequency distribution curve of the sugar yield together 
with the normal theoretical frequency distribution curve best fitting it. 
The two curves show a fair agreement. 

Treating the sugar beet plants with more dilute solutions gave less 
favourable results: spraying with 0.05 % solutions also increased 
the sugar yield, but this effect was less marked than that obtained 
with 0.1% solutions. Treating the plants with solutions of 0.2 % 
or higher gave decidedly poor results; phytotoxic phenomena were 
observed, which often neutralized the expected chemotherapeutic 
effect. That is the reason why, considering all the field experiments 
(68 in all) in which 1-nitroso-2-naphthol was sprayed in a concen- 
tration range of 0.05-0.2 %, the average increase in sugar yield of 
100 plants was only 5% + 1.5. From these experiments it can be 
concluded that the minimum concentration limits having a positive 
chemotherapeutic and an injurious effect do not differ much. It is 
not altogether precluded that the two phenomena spring from a 
common source, the more’so because strong indications were ob- 
tained that more than 3 sprayings with 0.1 % also resulted in a 
phytotoxic effect competitive to the chemotherapeutic activity. 

The field experiments with the other compounds tested were less 
extensive. Spraying with the copper sulphate complex of o-nitroso-p- 
chlorophenol produced an increase in sugar yield of 100 plants of 
11 % + 4. Although this figure is not fully reliable, it may be expected 
that if considerably more experiments are carried out than the number 
of 10 now performed this compound will prove to have a small 
positive chemotherapeutic effect. The other compounds tested did 
not bring about a significant increase of the yield: with p-nitroso- 
phenol 2% +4 and with 1-nitroso-2-napthol-3,6-disulphonic acid 
(Naisalt)16 90-9. 


4, YELLOW VIRUS IN SUGAR BEET STECKLINGS 


A few small experiments were performed to investigate whether 
the seed production of diseased stecklings can be increased by dipping 
them for 184 hours in a 0.05 °% solution of nitroso compounds before 
they are planted out in spring. Nine stecklings, to be used as controls, 
were dipped in water for 18} hours. 

By this procedure the solution penetrates 1-2 centimetres into the 
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root tissues, the root showing the brownish-yellow colour of the 
nitroso compounds over this distance. During the growing period 
of the stecklings they are sprayed 3 times with a 0.1 % solution of the 
compound tested in order to reduce the effect of secondary infections. 

The stecklings were never cured by dipping, but already during 
growth it appeared that the untreated control plants were more 
severely attacked than the treated ones. These differences became 
very pronounced at harvest time: the treated plants produced more 
seeds (Table XI). The potassium salt of 1-nitroso-2-naphthol had 
stimulated the seed production of the infected seedlings considerably, 
although it did not exceed 45 % of that of normal uninfected plants. 


TABLE XI 
Seed production of infected sugar beet stecklings after treatment with various nitroso 
compounds 
Stecklings dipped in 0.05 % solutions of nitroso compounds for 18} hours. Control 
stecklings dipped in water. Stecklings planted after one day (3-5-1955). Spraying 


on 9-6, 1-7 and 15-7-1955 with 0.1 % solution (1000 litres/hectare). Harvest: 
29-9-1955. Seed production of uninfected plants: about 240 g/plant. 


Number of | Yield of seeds, 
stecklings g/plant 
eo ee ee EE eee ee ee 
Untreated stecklings g 50 
Stecklings treated with: 
p-nitrosophenol ) 67 
l-nitroso-2-naphthol (K salt) 8 108 
o-nitroso-p-chlorophenol (CuSO, complex) 9 Oy, 


Probably the increase in yield after treatment with p-nitrosophenol, 
although less marked, is also significant. 

These results can only be obtained when the lethal effect olsthe 
virus infection does not exceed certain limits; when the plants are 
severely attacked no favourable effect of the nitroso compounds can 
be observed or expected. Table XII gives the results of an experiment 
sn which the virus infection was particularly harmful; the seed produc- 
tion of infected plants was about 1/10 of that of normal healthy plants. 


TABLE XII 


Seed production of sugar beet stecklings severely attacked by virus yellows after treatment 
with various nitroso compounds 


Samples of 54-79 heavily infected sugar beet stecklings were planted out in the 

field about mid-April 1956. The experimental plants were watered (50 ml, OM 

solution per plant) on 27-4-1956. ‘To prevent secondary infection these plants were 

sprayed on 22-6 and 9-7 (0.1 % solution; 1000 litres/hectare). Harvest on 9-10-56. 
Normal healthy stecklings produce about 240 g seeds/plant. 


Number of | Yield of seeds, 
stecklings g/plant 
SNe ee —__—__ nnn a ee 


Untreated stecklings 79 25 
Stecklings treated with: 
p-nitrosophenol 54 ae 


|-nitroso-2-naphthol (K salt) 55 


410 G. KOOISTRA 


5. TMV In TOBACCO 

In several series of experiments TMV-infected tobacco plants 
(Nicotiana rustica, Nicotiana tabacum var. no. 11; Nicotzana tabacum var. 
White Burley) were sprayed in 0.1 or 0.2 % concentrations with 
solutions of p-nitrosophenol or the potassium salt of 1-nitroso-2- 
naphthol. 

Slight indications of a chemotherapeutic effect of both compounds 
were obtained; especially the results with the potassium salt of 
1-nitroso-2-naphthol in 0.2 % solution against TMV in Nicotiana rustica 
were rather convincing. 

The experiments with Nicotiana tabacum var. White Burley were 
not so successful, as the plants grew slowly and consequently the 
propagation of the virus was not very fast. 

Experiments with thiouracil alone were not carried out on account 
of the phytotoxicity it had shown in greenhouse experiments. Instead, 
thiouracil mixed with a nitroso compound was used. 

Positive results were obtained with TMV-infected plants of Nicotzana 
tabacum var. no. 11 sprayed with solutions containing thiouracil 
(0.05 %) and p-nitrosophenol (0.05%) or 1-nitroso-2-naphthol 
(0.05 %). Table XIII lists the results of an experiment in which the 
influence of spraying on the incubation time was determined in 
relation to the growth season. 


TABLE XII 
Increase of the incubation time by spraying Nicotiana tabacum var. no. 11 with solutions 
containing thiouracil and a nitroso compound 


Each exp. comprised 12 plants of Nicotiana tabacum var. no. 11. The plants were 

sown in various months and had a length of about 30 cm at the beginning of the 

exp. In the first and second exp. the plants were sprayed 6 times, with intervals 

of 3 days. Inoculation with TMV after the third spraying. In the third, fourth 

and fifth exp. the plants were sprayed 2-3 times, with intervals of 3-7 days. 

Inoculation with TMV after the first spraying. Spraying solution: thiouracil 
(0.05 %) and a nitroso compound (0.05 %). 


Period during which | Incubation time Incubation time (days) of plants 
the experiment was | of unsprayed : sprayed with 
carriedtout plants, days | P-mitrosophenol + | 1-nitroso-2-naphthol + 

thiouracil thiouracil 

April-May 25 + 0.5 — 30 + 1.1 

May-June 14 + 0.5 3441.5 = 

July—August 11 + 0.5 25 + 1 25+ 1- 

August-September 22 + 1. 31 =. 2 oS 

September—October 28 + 1.5 37 + 0.8 37 + 0.8 


The plants grew very well when sown early (spring, early summer), 
but the growth rate decreased considerably when sown later (mid- 
summer, autumn). The experiment started when the plants had a 
height of about 30 cm. The incubation time of TMV-infected plants 
decreased for those sown during the period of April to July, but in- 
creased considerably in the case of those sown later on; without 


NITROSO HYDROXYARYL COMPOUNDS TOWARDS VIRUS DISEASES 411 


doubt this was due to environmental conditions, particularly as 
regards light and temperature. Spraying of the plants with the 
solutions already mentioned resulted ina marked increase in incubation 
time; the seasonal decrease of the incubation time displayed by the 
unsprayed plants disappeared almost entirely. Therefore, spraying 
was most effective in the period of May till August. As a consequence 
of the inhibitory effect of these compounds on the development of 
TMV, the visible symptoms were less pronounced in all the ex- 
periments. 

The influence of spraying with these solutions was also investigated 
on Nicotiana rustica (Table XIV). 


TABLE XIV 


Influence of spraying with solutions containing thiouracil and a nitroso compound on the development of 


TMV-infected Nicotiana rustica plants 


Each exp. comprised 12 plants of Nicotiana rustica. The plants had a length of about 30 cm 


at the beginning of the exp. Spraying 3 times 
containing thiouracil (0.05 %) and a nitroso compound (0.05 %) 
water. Plants inoculated with TMV on 16-7-1953. 


Percentage of 
diseased 


(9, 21 and 24-7-1953) with a spraying solution 
. Control plants sprayed with 


Number of leaves 
larger than 20 by 


plants Length of | 95 ¢m on 1-9-1953 
S ih plants on 
alent 12-8-1953, |no visible | with 
31-7| 3-8 | 10-8) 17-8 cm TMV TMV 
symptoms | symptoms 


A. WNon-infected plants 
ui 0 0 0 


water (Os mets 30 ee ao es oP 2 
: (flowers) 
p-nitrosophenol + thiouracil 0 0 0 Ol $3 23 JI 0:3 
(a few fl.) 
1-nitroso-2-naphthol + thiouracil| 0 0 0 0; 79+1.8 |11+40.6 
(no flowers) 
B. TMvV-infected plants 
water 100|100|}100|100|} 57 +2.6 44+04) 440.3 
p-nitrosophenol +- thiouracil 0) 25} 83| 92} 68 42.1 7+03) 2+0.4 
1-nitroso-2-naphthol + thiouracil 0| 33| 75} 92] 68 + 3.3 8+0.5 | 240.6 


Here, too, spraying did not prevent the ou 
but it reduced its rate of development considerabl 
the plants grew better than the c 
increase in the number of full-gro 


ontrol ones. 


tbreak of the disease, 
y. Consequently, 
There was a marked 
wn leaves, which seem to be of 


some inportance with regard to the industrial use of tobacco leaves. 
TMV causes top necrosis and dying off 


This can easily be explained. 
of the growing point. As, 
spraying delays the o 
stage of development 
increases somewhat an 
decreases. Therefore, the consequences of t 


accor 


Surprisingly enough, these solutions, 


ding to the preceding experiment, 
k of the disease the plant reaches a later 
in the meantime. The total number of leaves 
d the number of leaves with visible symptoms 
he infection are less serious. 
although they contained 
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thiouracil (if only 0.05 %), had no appreciable injurious effect on 
the tobacco varieties tested. It should be borne in mind, however, 
that in these experiments it is the production of ful-grown leaves 
that counts, whereas in the bean experiments the seed production was 
determined. 


V. GENERAL DISCUSSION 


1. INTRODUCTION 


In the experiments described in Chapters III and IV the perform- 
ance of several nitroso compounds and of thiouracil in reducing 
the harmful and growth-inhibiting effect of several virus infections 
was investigated. It appeared that |-nitroso-2-naphthol had a positive, 
though not very considerable chemotherapeutic effect on the plants 
tested: sugar beet infected with yellow virus, bean species with the 
bean viruses. Other nitroso compounds (p-nitrosophenol, 1-nitroso- 
2-naphthol-3,6-disulphonic acid (Na salt) and the copper sulphate 
complex of o-nitroso-p-chlorophenol) also proved to have a favourable 
effect. Thiouracil was too toxic to be of any value. It could be demon- 
strated, however, that solutions containing thiouracil and _ p-nitroso- 
phenol, in which the concentration of each of these substances was 
so low (0.05 %) as to have only a slight influence on the development 
of the virus, brought about a considerable increase in incubation 
period and growth of Nicotiana rustica and Nicotiana tabacum var. no. 11 
plants infected with TMV. In addition, these solutions were not 
noticeably harmful to these plants. 

Unfortunately, field experiments on a scale large enough to warrant 
significant results have only been carried out with sugar beet plants 
infected with yellow virus and sprayed with 1-nitroso-2-naphthol 
(K salt). These experiments showed a small, but positive chemothera- 
peutic effect of the compound. Small-scale field experiments on 
TMV-infected tobacco species with solutions of thiouracil and a 
nitroso compound also resulted in a significant positive effect. 

It could be demonstrated that |-nitroso-2-naphthol and p-nitroso- 
phenol have no perceptible influence on the virus in vitro. Equal 
volumes of 0.2 %% TMV and of 0.2 % of one of the nitroso compounds 
investigated were mixed and kept at room temperature (18° Cy for 
different times, varying from 2-24 hours. At the end of these periods 
five tobacco plants were inoculated with the mixture in the ordinary 
way. Control plants were treated in the same way with a TMV 
solution of the same concentration, without a nitroso compound being 
added. No differences in incubation time and severity of attack by the 
disease were found between the plants inoculated with these mixtures 
and the control plants. It would have been better if the tests had 
been done with a series of dilutions of the mixtures, because only 
with the smallest amount of virus capable of producing infection one 
can really prove that the nitroso compounds have no influence 
on the virus in vitro. Nevertheless these experiments gave strong 
indications that the virus is not inactivated, the more so as it must be 
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expected that the concentration of these nitroso compounds in the 
plant cells is much less than in the solutions tested. Moreover, electron 
microscopic examination of the virus particles with the aid of the 
shadow casting technique with Pd did not substantiate the assumption 
of a reaction in vitro: virus particles remaining in the nitroso solutions 
did not differ in any respect from those of the untreated virus, a 
particular point being that the virus particles were not disintegrated. 


2. EFFECT OF NITROSO COMPOUNDS ON THE VIRUS ALONE 


The experiments described in Section V.1 have shown that 1- 
nitroso-2-naphthol and p-nitrosophenol have no perceptible influence 
on the virus in vitro. It must be assumed, therefore, that the compounds 
tested act inside the plant cells. Here they can either inhibit the virus 
production or stimulate the plant to destroy the virus particles by 
producing “antigenic substances”. The latter hypothesis was not 
investigated as it would have required extracting these antigenic 
substances and testing them for antivirus activity. 

The virus propagation is different according as the nitroso com- 
pounds are applied to the plant before, simultaneously with or after 
the virus infection. Application of the chemotherapeutic compounds 
several days before the incubation date has no effect; the compound 
has already been inactivated. Therefore the application of the 
chemotherapeutic compound was standardized: in all the experiments 
the plants were sprayed 2 days before infection. During this time the 
chemical has ample opportunity to penetrate into the plant. 

Spraying three or more days after infection with p-nitrosophenol 
or with 1-nitroso-2-naphthol was, in most cases, ineffective. With 
Nicotiana rustica and often with White Burley, spraying one or two 
days after inoculation still produced a chemotherapeutic effect. These 
results suggest that the incubation time of TMV in Nicotiana rustica 
only increases under the influence of the antivirus factor, when the 
virus propagation has not yet reached its optimum rate and the 
translocation of the virus from the inoculated leaf towards the top 
has only just started. 

No anti-virus effect can be expected when the concentration of the 
spraying solution is too low. On sugar beet plants 0.1 % solutions of 
p-nitrosophenol or 1-nitroso-2-naphthol had a marked inhibiting 
effect on the virus multiplication; plants sprayed with 0.05 % solutions 
gave a lower yield than those treated with 0.1 % solutions. Thesé 
results could be confirmed serologically with 1-nitroso-2-naphthol 
treated plants. Therefore, as a rule 0.1 % was used, the more so as 
concentrations exceeding 0.1 °% often led to phytotoxicity in field 
experiments. From the experiments described on page 394 and recorded 
in Table VIII it can be derived that for these compounds the highest 
permissible concentration at which no phytotoxicity occurs is nearly 
0.2-0.25 %. Here a difference in behaviour between plants grown 
in the greenhouse and in the field manifests itself. Serological tests 
demonstrated a reduction in virus content of greenhouse and field 
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plants treated with 0.15 and 0.2 % solutions. This reduction proved 
to be at least similar to that obtained with a 0.1 % solution. 

Application of too much of the chemical by spraying too frequently 
(6-8 times) is often harmful; it was not found to decrease the virus 
content perceptibly. As! 

During the incubation time the rate of virus production in White 
Burley tobacco plants treated with |-nitroso-2-naphthol drops 
considerably. It was determined serologically that this compound may 
reduce the virus content to !/,—1/,, of the amount in treated control 
plants. Complete destruction of the virus hardly ever occurred, so 
that the visible symptoms of the disease still appeared, though the 
sncubation time had increased, sometimes by as much as 10 days. 
But even when these symptoms are perceptible the virus content is 
still lower than in the untreated plants. A similar effect can be ex- 
pected on Nicotiana rustica and sugar beet. 

It is a well-known fact that few virus particles suffice to infect a 
plant systemically. However, infecting with a small number of virus 
particles cannot be done, because only few virus particles of an 
inoculum “strike”, as is known from the experiments with the local 
lesion method on Nicotiana glutinosa. Therefore, in the greenhouse 
experiments and in the field experiments with artificial infection the 
quantities of infecting material used were on the safe side to warrant 
infection (see II.4), thus always a hundred to a thousand times larger 
than the required minimum. The practice to use the appearance of 
the first visible symptoms as a yardstick for anti-virus activity is, 
therefore, not quite ‘reliable. It may be expected that often many 
virus particles are destroyed by a chemical, but the few that remain 
will cause the plant to become diseased all the same. 

Some field experiments were performed with diseased sugar beet 
stecklings. Satisfactory results were obtained with 1-nitroso-2-naphthol 
(K salt) and with p-nitrosophenol when the plants were only mildly 
infected. Severely attacked stecklings, however, did not respond to 
treatment with these compounds (see Tables XI and XII). 

Another condition that must be fulfilled for a positive effect to be 
obtained is that the plants are young and growing at optimum rate. 
In spring the increase in incubation time due to treatment with 
nitroso derivatives is greater than in late summer and in autumn 
under otherwise similar conditions (see Table XIII). This must be 
attributed to the plants growing under sub-optimum conditions in 
the latter case. A similar effect is observed with sugar beet and the 
two bean species. 

The climatological conditions also have some, though usually 
only little, influence; the differences observed are to be regarded as 
secondary consequences of the changing growth rates of the plants. 

The results of spraying with chemotherapeutic compounds were 
derived from yield analyses, from observations on the moment of 
appearance and the development of the visible symptoms of the 
disease, and from serological determinations of the virus content of 
the plants. The last two methods are direct ones. In addition, the 
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influence of the compounds on virus development was also traced 
with the aid of the following indirect methods for determining the 
virus activity: the reducing sugar test, the reso blue test, the 2, 3, 5- 
triphenyl tetrazolium chloride (TTC) test and the respiration test. 
The variability of all these tests, however, proved to be so great that 
no reliable results could be obtained. These tests, particularly the 
reducing sugar test, did demonstrate the presence of virus in the 
infected plants, often during the incubation period already, but on 
account of the large spread in results the improvement caused by 
treatment with |-nitroso-2-naphthol could not be proved significantly. 
The TTC, the reso blue and the respiration test were so insensitive 
that during the incubation time not even differences between healthy 
and infected plants could be demonstrated significantly. Under 
these circumstances it was of no avail to use these methods to in- 
vestigate the effect of the nitroso compounds on the test plants. 


3. STABILITY OF THE CHEMICAL IN THE PLANT 


It is important to investigate whether the nitroso compounds 
remain unchanged in the plant tissues or whether they are decomposed. 
Therefore microchemical tests were performed with treated tobacco, 
sugar beet and even tulip plants. They have been borrowed from 
Fe1cu (1956); four of them proved to give reliable results. 

Briefly, the procedure of these tests, performed with chemical but 
without plants, is as follows: 


(a) A few milligrams of the powdered 1-nitroso-2-naphthol is melted in a 
microcrucible along with some milligrams of phenol. After cooling, a drop of 
concentrated sulphuric acid is added. The liquid turns dark chery-red. After 
diluting with water, the solution is made alkaline with a few drops of 4 N sodium 
hydroxide. It then turns deep blue (Liebermann test). By means of this test 0.4 
grams of p-nitrosophenol or 0.5 « grams of |-nitroso-2-naphthol can be identified. 

Generally aliphatic nitroso and iso-nitroso compounds and aromatic nitroso 
compounds give this reaction. The sulphuric acid probably saponifies the nitroso 
compounds; the nitrous acid produced nitrosates the phenol in the unoccupied 
Pp-position. 

(b) A drop of 0.1 % cobalt nitrate solution is added to about 0.1—1.0 ml of 
0.1 % 1-nitroso-2-naphthol. A positive response is signalled by a brown-red colour, 
which is resistant to 2 N sulphuric acid. In this reaction the o-nitrosophenols (1) 
are in equilibrium with their tautomeric o-quinone oxime forms (II), which 
combine with trivalent cobalt ions containing this metal in the chelate ring (III): 


oo 
\\_on ae On 


| “i Co, 


—NO Ta Y seo 
I II Ill 


The test reveals 1 gram of 1-nitroso-2-naphthol and 5 mu grams of 1-nitroso- 
2-naphthol-3,6-disulphonic acid (Na salt). na, : 

(c) A quantity of 0.1-1.0 ml of 0.1% 1-nitroso-2-naphthol is mixed in a test 
tube with a drop of an aqueous tyrosine solution of about 100 ppm and heated. 
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A drop of concentrated nitric acid is added to the hot solution. A bright purple 
colour appears which gradually fades. The chemistry of this reaction 1s unknown. 
An essential step seems to be that the nitric acid apparently oxidizes the 1-nitroso-2- 
naphthol (I) to 1-nitro-2-naphthol (II), and this reaction product reacts with 
tyrosine. 
NO NO, 
| | 


-OH y ‘S- OH 


I II 


Limit of identification: 0.5-1.0 w grams of 1-nitroso-2-naphthol. This test was 
described by Frrci as a tyrosine test. ai ; 
(d) A drop of 1-nitroso-2-naphthol (0.1 %).or a few milligrams of this chemical 


is mixed with 1 or 2 millilitres of a freshly prepared 1 % solution of sodium 
pentacyanoammine ferroate (prussic salt). After about 5 minutes an intense green 
colour is formed. With sodium pentacyanoaquo ferroate the same reaction takes 
place. This colour reaction depends on the exchange of the water or ammonia 
molecule of the prussic salt for a molecule of the nitroso compound: 


Na,[Fe(Cn);NH,] + RNO > NH; + Na,[Fe(CN);RNO] 
Na,[Fe(CN),;H,O] + RNO -> H,O + Na,[Fe(CN),RNO] 


It is noteworthy that the entrance of the RNO molecule into the inner sphere 
of the prussic salt, with expulsion of the NH, or H,O molecule, occurs only in the 
light; it is a photoreaction. Limits of identification: 1 @ gram for ]-nitroso-2- 
naphthol and 0.15 # grams for p-nitrosophenol. 


These four tests, especially reactions (b) and (c) gave in vitro, 
good response. They could *équally well be applied when the com- 
pounds were added to ground plant material immediately before the 
determination. Ground plant material in 1-nitroso-2-naphthol gave 
a weaker reaction than the corresponding control solution. Any 
substances interfering with the determinations were practically absent 
in the plant. 

In plants sprayed with a 0.1 % solution of 1-nitroso-2-naphthol in 
the usual way (50 mg/4sq. metre) a long time or just before they 
were examined by one of these tests, not a trace of this chemical 
could be detected; thus, less than lu gram was available in the 
solution of the tested plant material. As } square metre is just covered 
by 18 plants, which should receive all 50 mg of the compound dissolved 
in 50 ml water containing acetone and wetting agent, one plant will 
have absorbed 3 mg = 3000 grams. It can hardly be imagined 
that 3000 times the amount of | ~ gram is lost because it did not 
reach the plants or did not penetrate into them. 

Since it is difficult to determine how much of the spraying substance 
is received by a plant, the dipping method was used in the further 
experiments. The volume of solution taken up by the plants is easier 
to determine. The plants to be tested were dipped with their roots or 
stems in a solution of |-nitroso-2-naphthol (0.1—0.2 % w) for varying 
times (1-5 days). During this period relatively large amounts of the 
compound were absorbed: in 5 days about 5 ml or 5000 uw grams of 
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its solution per plant. The stem, also the large veins and even the 
smaller ones in the leaves were coloured dark brown. At the end of 
the experiment always one plant was rinsed with water and ground, 
the pulp being extracted with water or acetone. The total volume of 
the extracts was about 50 ml, which was tested. For each deter- 
mination according to one of the four microchemical reactions 
2-10 ml of the extracts were used. The reaction was invariably 
negative, like the reaction on the pulp residue. Thus, no nitroso 
compound could be detected. This proves that less than 1/5000 of 
the amount of chemical that has been absorbed remains as such in 
the plant. 

Negative results were also obtained when after dipping the plant 
material was dried first or deep-frozen at the end of the experiment, 
or when the water or acetone extract was evaporated, preferably in 
vacuo, to a very small volume. These results can only be explained 
by assuming a rapid decomposition of the substance in the plant tissue. 

The distribution of the brown colouring substance found in the 
stems and veins of the leaves was investigated microscopically. This 
substance could be followed over a great distance in the smaller veins. 
In the vessels the brown colour was darker than that of the nitroso 
compounds used. This substance was found exclusively in the xylem, 
expecially in the ring- and net vessels. It could not be established 
whether the phloem parts of the stele also contained this substance; 
the perecambium and the parenchym cells of the roots were free from 
it. It was important to determine whether the chemical reaches the 
cells of the inoculated leaves. The presence of the nitroso substance 
or its decomposition products in the leaf cells could not be demon- 
strated, either microscopically or microchemically. 

It must thus be assumed that 1-nitroso-2-naphthol or its decomposit- 
ion products exert an extremely strong inhibiting influence on the 
virus production, as the amount in the leaf cells must be very small. 
The second possible assumption, viz. that these compounds block the 
transport of the virus through the phloem, seems highly improbable, 
as in this tissue none of these substances could be detected. 


4. CONCLUDING REMARKS 


These nitroso compounds, especially 1-nitroso-2-naphthol, greatly 
reduce the harmful effect of the virus infection. 

Yet it is not fully established that they are antivirus factors, as it 
could not be demonstrated that they inactivate the virus either by 
chemical reaction or by interacting with the plant cell system produc- 
ing the virus particle. As to thiouracil, it is often assumed that this 
compound interferes with the virus production through substituting 
the uracil. The effect of the nitroso-thiouracil mixtures as described 
on pp. 400 and 401 (Tables XIII and XIV) can be explained in the 
same way. ; ; 

The activity of the nitroso compounds, however, is no less specific 
than that of thiouracil. An attractive supposition is that they act in a 
similar fashion and to speculate that a nitroso compound could react 
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with uracil, or any other indispensable virus component available in 
the plant cells, forming e.g. a nitroso-uracil compound. In this way 
either inactive virus particles containing these nitroso compounds 
instead of the indispensable components might be formed or the virus 
synthesis would be inhibited. As soon as the nitroso compound is 
entirely decomposed the uracil (or the other indispensable virus 
component) formed in the plant again becomes available for virus 
synthesis and the plant is attacked by the disease after all; only the 
‘ncubation time has increased considerably. If this hypothesis should 
be true the nitroso compound would act as an antivirus factor. On 
the other hand, such a hypothesis would also explain the fact that the 
phytotoxic and antivirus activities of these compounds are almost 
the same, as the plant itself needs uracil as well. 

Further investigations into the problem of antivirus factors would 
be desirable. To be of practical use the antivirus activity of such 
substances should be higher and they would have to be more specific 
than the nitroso compounds tested in this investigation. 


SUMMARY 


(1) The object of the search described in this publication was to find “‘inhibitors 
of virus increase”, not “inhibitors of infection”’. 

(2) The investigations were performed with the following plants and viruses: 
tobacco species with tobacco mosaic virus (TMV); the disease causes leaf damage; 
sugar beet with virus yellows; the disease decreases root production; French bean 
and broad bean with Phaseolus viruses 1 and 2; the disease reduces seed production. 

The cultivation method, the age of the plants tested, the virus, its purification 
and properties, and the techniques applied to infect the plants are briefly described. 

The virus influence was investigated by means of direct methods, such as serology, 
and indirect ones, such as a reducing sugar test according to VAN DuurEN (1955), 
a reso blue test, (Minster (1955), ScuHusTeR (1956)), to determine the callus. 
production in the phloem (these two for sugar beet only), and a test with 
2,3,5-triphenyl tetrazolium chloride (TTC) (see F. E. Smrrn, 1951, and BEAL ef al., 
1955). All the indirect tests, as well as the various tests with Nicotiana glutinosa, 
proved to be of little value (Tables 1, mt and Iv). 

(3) The chemicals were applied via the leaves (spraying, preferably as a 0.1 % 
solution, at a rate of 100 ml per square metre) or via the roots (dipping in a 0.1 % 
solution, or nutrient technique, 0.001-0.01 %w added to 150-200 ml Knopp’s 
solution). 

Table v lists the chemicals with antivirus properties described in the literature. 
Some of the most important are discussed separately (thiouracil, 8-azaguanine, 
malachite green, growth regulators and inorganic salts). On the basis of these data 
several types of chemicals were investigated. The nitroso hydroxyaryl compounds 
displayed such an activity that closer examination was justified. 

The antivirus activity of a chemical was expressed as the percentage increase 
in incubation time; for this purpose the exact moment at which the first visible 
symptoms of the disease appear must be determined. 

p-Nitrosophenol, 1-nitroso-2-naphthol, and the copper sulphate complex of 
o-nitroso-p-chlorophenol proved very attractive, being not too phytotoxic (Tables 
v1, vii and vit); the potassium salt of 1-nitroso-2-naphthol-3,6-disulphonic acid 
showed good activity, but also some phytotoxicity. Thiouracil and its mixtures 
with p-nitrosophenol and _ 1-nitroso-2-naphthol displayed a particularly good 
activity on tobacco without being phytotoxic in the concentrations used 
(0.05 % + 0.05 %; Table vim). 

(4) The four nitroso compounds mentioned were used in field experiments. 
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In some tentative trials on French bean and broad bean the antivirus properties 
of p-nitrosophenol and 1-nitroso-2-naphthol were again observed (Table x). Most 
experiments, however, were performed on sugar beet. Indications of antivirus 
activity were obtained in all cases. Taking all the results obtained in 4 years 
(56 experiments) together, an average improvement of 7 % + 14 as compared 
with untreated plants was obtained for ]-nitroso-2-naphthol, mostly applied as its 
potassium salt (Graph 1). The other nitroso derivatives mentioned did not show 
any significant antivirus activity. The nitroso-thiouracil mixtures had a very 
reliable activity on tobacco, but on other plants their phytotoxicity proved to be 
too high (Tables xm and xrv). 

(5) It was demonstrated that these nitroso compounds only have a good effect 
when they are applied in a 0.1 % concentration. Two or at most three sprayings are 
permissible, A higher concentration or more frequent spraying produces phytotoxic 
effects, often to such an extent that the resulting loss exceeds the improvement 
brought about by the antivirus compound. 

The influence of the chemical could be demonstrated with serological tests, but 
not with the other tests mentioned under (2). The chemical itself is decomposed 
in the plant. It may be that it reacts with uracil, just as thiouracil does, or with 
any other indispensable virus component available in the plant cells. It can thus 
be expected that there is not enough uracil left for the virus synthesis in the cells. 
As soon as the nitroso compound is entirely decomposed the uracil formed in the 
plant again becomes available for virus synthesis and the plant is attacked by the 
disease after all; only the incubation time has increased considerably. If this hypo- 
thesis should be true the nitroso compound would act as an antivirus factor. On 
the other hand, such a hypothesis would also explain the fact that the phytotoxic 
and antivirus activities of these compounds are almost the same, as the plant itself 
needs uracil as well. 
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1. INTRODUCTION 


Coniferous woodland is not indigenous to the semi-humid and sub- 
atlantic temperate lowland climatic region of the Netherlands. How- 
ever, extensive forests of conifers have been planted, mainly since the 
end of the 18th century. Pinus sylvestris and Picea abies were the main 
species planted up to the 20th century, but more recently Pseudotsuga 
menziesil, Larix leptolepis, and to a lesser extent other species have been 
used. In the coastal dune area, Pinus nigra, both ssp. migra and ssp. 
laricio, is the exotic tree that is planted most frequently. From an 
ecological viewpoint, these forests have not so far been considered as 
separate plant associations. Since they were mostly lacking in faithful 2) 
species, they have been classified as “‘cultivated forest communities” 
under the native deciduous woodland associations, in most cases 
inside the Querceto-Betuletum (vide e.g. MORZER Bruins & WESTHOFF 
1951, WestHorF 1954b, 1955, 1957). 

In the course of the last century, however, some circumboreal- 
montane neophytes have migrated spontaneously into these artificial 
forests. ‘This has also been observed nearly in Germany (AscHERSON & 
GRABNER 1907, HEc1, Scntr 1936 etc.). So far, in the Netherlands 
Goodyera repens, Linnaea borealis and Lycopodium annotinum were known as 
such neophytes, though some doubt existed as to whether these species 
should be considered as “glacial relics”. Goodyera repens, which was 
not mentioned by OupEmans (1874), was first recorded in the Nether- 


1) The following communication is to be regarded as a result of field work carried 
out during his term of office at the Laboratory of Plant Taxonomy and Plant 
Geography at Wageningen by Dr. V. Westhoff, which was completed by a visit 
to Amrum in 1958, and field work done by Dr. M. F. Morzer Bruijns (State Forestry 
Service) and S. Segal (Hugo de Vries-Laboratory). The data obtained were worked 
out in the R.I.V.O.N. at Bilthoven by Dr. V. Westhoff in collaboration with S. Segal. 

2) Following Poors (1955 as did BARKMAN (1958), we replace the term “‘charac- 
teristic species” in the sense of the Braun-Blanquet method (= espéce caractéristique, 
Charakterart, kensoort) by “faithful species’, as British ecologists use the term 
“characteristic species” in another sense. 
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lands in 1880 in the Leuvenum forest near Hulshorst (Prodromus 
Florae Batavae ed. altera I, 4, 1916) ; Linnaea borealis, not yet mentioned 
in the Prodromus Florae Batavae ed. altera (I, 2, 1903), was recorded 
first from Appelscha in 1920 and from Hoogeveen in 1928 (BEYERINCK, 
1929b). BeyeRINck (l.c.) stated that the latter pine forest dated from 
1888 and concluded that Linnaea might have established itself there ° 
after 1888. From morphological observations, he estimated the plants 
to be 26 years old, which means that the species must have been 
present in 1903, when the pine forest was only 15 years of age. On the 
other hand Tuyen (in Bucnenav, 1936, p. 380) observed, that nearby 
in Germany Linnaea did not occur in woodlands before the pines 
fruited, the species apparently being introduced by seed devouring 
birds; MEYER & van DIEKEN (1947, p. 193) suggest that the trees 
must be at least 70 years old before Linnaea occurs. At present 12 
localities of Linnaea are known in the North Netherlands, viz. 11 in 
the Drenthian District (HooGENRAAD, 1951; VAN OostsTRoom, 1958, 
in litt.) and one on the Westfrisian island of Terschelling, where it has 
been discovered quite recently (1958) in Scotch pine forest (WILCKE, 
1958; see § 4 and table 3). Moreover, there is one locality further to 
the South near Hulshorst in the Guelder District (vAN OostTstRoom, 
1958, in litt.). For Goodyera repens, 17 localities are recorded in the 
“Plantenkaartjes van Nederland” (IV, 1937, p. 214) and are distributed 
throughout the mainland of the country. In 1955, mr. T. SALVERDA 
(Groningen) discovered Goodyera repens for the first time on the West- 
frisian islands, viz. on the island of Ameland in an artificial forest of 
Pinus nigra ssp. nigra. In 1957, the present authors observed the species 
for the first time on the island of ‘Terschelling in two localities, one in 
Austrian and the other in Corsican pine forest. In relatively old pine- 
forests on the Dutch mainland, these neophytes are often accompanied 
by other species which are, in general, characteristic of coniferous 
forests, but also occur in the Netherlands in old deciduous woodland, 
e.g. Trientalis europaea, Pyrola rotundifolia, P. minor, Vaccinium myrtillus, 
V. vitis-idaea. These species, like the neophytes themselves, are con- 
sidered faithful species of the phytosociological order Vaccinto-Piceetalia 
and the alliance Vaccinio-Piceion (see e.g. BRAUN-BLANQUET, SISSINGH & 
VLIEGER 1939, OBERDORFER 1957). There is some reason, therefore, 
to consider the artificial pinewoods of the Netherlands and adjacent 
Germany as a “‘nascent association”’ of this alliance, as was suggested 
for dwarf shrub communities of the same alliance on the Westfrisian 
islands by WestHorr (1947). 

We consider that HoocenraapD (1951) was wrong in designing 
Goodyera repens and Linnaea borealis as ‘“‘glacial relics” and the same is 
probably true for the North-German plain. As early as 1907, AscHER- 
son & GRABNER (p. 896) wrote about Goodyera: “Im nordwestdeutschen 
Flachlande selten, dort wie in Schleswig-Holstein und Danemark wohl 
erst nach der Anpflanzung der Nadelwalder mit Linnaea und Chimaphila 
eingefiihrt. Dasselbe gilt wohl auch von dem vorkommen in den 
Niederlanden und Belgien und auch in der Rheinprovinz ist die 
Pflanze erst 1906 (abgesehen von wohl unrichtigen alteren Angaben) 
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aufgefunden worden”’. This is also the opinion of Hecr (II, 1909) and 
Scutrr (1936), and we cannot agree with MEYER & VAN DIEKEN ( 1947) 
who still consider Linnaea borealis in N.W.-Germany as a glacial relic. 

In recent years, the number of pine forest neophytes has been further 
increased by the inclusion of Listera cordata. This small orchid had only 
been recorded once in the Netherlands: Commenin (1683, p. 82) 
mentioned Listera cordata (sub nomine Ophris minima, B. pin. = Bifolium 
minimum J. Bauh.) from dune valleys at Overveen near Haarlem “op 
opene luchtige plaatsen” (i.e. in clear, open habitat, so not in wood- 
land); this record has been taken over by DE Gorter (1781, p. 237). 
No botanist ever found the species again and in later years it was 
considered to be no longer indigenous (at first by OUDEMANS 1874) 
or even an erroneous determination (Prodromus Florae Batavae, I, 4, 
1916, p. 1787). However, in 1949 the species was discovered by 
J. Weyer in an artificial forest of Pinus nigra ssp. nigra on the island 
of Ameland (WerER, 1949), the same forest where Goodyera repens 
occurs (see above). In 1953 it was found by J. DEELDER (State Forestry 
Service) in an artificial forest of Pinus nigra ssp. migra in the Western 
part of the island of Terschelling; in 1955, by J. DEELDER, in similar 
conditions in the centre of Terschelling, and in 1956, by M. T. JANSEN 
and D. T. E. vAN DER PLogc, on the island of Schiermonnikoog, again 
in a similar locality. Recently, Listera cordata has also been observed 
on the Dutch mainland, near Boschoord (Vledder) by G. JAGER in 
1956. It was the first Dutch record in a forest of Scotch pine.*) 

As the pinewoods of Scotland are well-known to be one of the native 
habitats of Listera cordata (TANsLEY, 1949; SummMERHAYES, 1951; 
CLapHaM, Tutin & WarBuRG, 1952; etc.), we examined some Scotch 
pine woodlands (natural and planted,) during a trip to Scotland in 1956. 


2. DISTRIBUTION AND ECOLOGY OF LisTERA CORDATA 


HuttEn (1950) assigns Listera cordata to his relatively small group of 
“boreal-circumpolar plants that are boreal-montane in Europe but 
with gaps in Siberia”. To this group belong also Galium trifolium, 
Botrychium lanceolatum, Pyrola chlorantha, Potamogeton filiformis, Isoetes 
tenella, Carex buxbaumii, Juncus stygius. SUMMERHAYES (1951) lists Listera 
cordata together with two other orchids (Gymnadenia albida and Goodyera 
repens) as belonging to the “northern-montane’’ element. Several 
authors agree that in the Southern part of Europe the species is 
confined to mountains, whereas in the North it occurs also in the 
plains (Hec1, 1906, SumMERHAYES, 1951, HERMANN, 1956, etc.); one 
may ask, however, where these Northern plains begin. Before con- 
sidering this point in detail, it is necessary to look for the ecological 
amplitude of the species. Central European plant geographers, as well 
as British ecologists, have stressed, that Lzstera cordata occurs in two 


1) During the type-setting, in May 1959, Morzer Bruins observed Listera 
cordata for the first time on the island of Vlieland, near ‘‘Nieuwe Kooi’’, in a 
forest of Pinus nigra ssp. nigra, 35 years old; in June 1959, Mr. E. STAPELVELD 
discovered a second locality for the Dutch §ainland, again in the “Drenthian 
district”, in the nature reserve ““Tonckensbos’’, a forest of Scotch pine near Norg. 
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apparently rather different habitats, viz. (1) on raw humus in damp 
to moist woodland, with a preference for spruce forest; (2) in open wet 
heather moorland and in Sphagnum bogs (HEct, 1906, AscHERSON & 
GRABNER, 1907, CLapHam, TutTin & Warsurc, 1952, BucHENAU, 
1894, SUMMERHAYES 1951, RAUNKIAER, 1942, TansLey, 1949, HEr- 
MANN, 1956, etc.). In high Savoie (France) it has been observed in 
mountain pastures on S. slopes (WEYER, 1949). Though in Central 
Europe the woodland habitat is damp to moist, this is not necessarily 
so in the colder Scandinavian climate with its smaller evaporation 
rate. For example PALMGREN (1922) and S. SEGAL (unpublished 
observations) observed Listera cordata there in dry as well as in moist 
woodland. PALMGREN even remarks, that the species may be less 
frequent in a relatively moist habitat. As far north as Prussia, however, 
Listera cordata is still restricted to moist and wet localities (STEFFEN 
1931, GrossER 1955). 

Considering the preference of Listera cordata for either woodland or 
moorland, it has been suggested, that two ecotypes could be dis- 
tinguished (SUMMERHAYEs, 1951). However, as the latter author points 
out, the two habitats may not really be so different, since the soil is 
usually acid in both habitats and the small plants in the open localities 
usually grow in the shelter of comparatively tall heather on north- 
facing slopes or in the wet Sphagnum of raised bogs (see also METCALFE, 
1950). Such an ecological amplitude suggests an oceanic, humid 
climate, in which the difference between the microclimates in and 
outside the woodland is less pronounced than in a more continental 
and drier climate. It is strange, therefore, that OBERDORFER (1949) 
describes the area of Listera cordata as “‘subarctical-boreal-(continen- 
tal)”, whereas BucHENAU (1936), writing from a somewhat local point 
of view, mentions it as ‘‘atlantic’”’. Since Listera cordata is common both 
in Norway and Sweden (Hutrén, 1950) and fairly common not only 
in the Northern half of Britain, but even throughout Ireland (PRAEGER, 
1934; Summeruayes, 1951) the qualification “continental” is puzzling. 

It is remarkable that Central European plant sociologists (BRAUN- 
BLANQUET, SissINGH & VLIEGER 1939, OBERDORFER 1949, 1957) still 
seem to neglect the open (moorland) habitat of Listera cordata and 
consider it a characteristic woodland species, viz. a faithful species of 
the alliance Vaccinio-Piceion or (OBERDORFER 1957) of the order 
Vaccinio-Piceetalia. Since Listera cordata occurs frequently in both the 
woodland and moorland habitats in Britain and Denmark (‘TANSLEY 
1949, SummerHAvES 1951, RAuNKIAER 1942), whilst in Ireland the 
species is confined to the latter type (except for one record in a Taxus 
woodland; PRAEGER 1934, WexB 1943, TansLey 1949), it seems that 
in Central Europe Listera cordata is much rarer in the “open” habitat 
than in woodland, whereas nearer to the boreo-atlantic coast there is 
a gradual increase in its preference for the open habitat. WEIgER (1949) 
mentioned, however, that in High Savoie (French Alps) Listera cordata 
was found in mountain pastures only. It is also remarkable, that 
Central European plant geographers stress that Listera cordata is limited 
to a true shadowy, woodland microclimate and that it disappears 
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when the wood had been thinned (Hecr 1906, p. 388; BucHENAU 
1894, p. 538). On the contrary SUMMERHAYES (1951, p. 173), in Britain, 
observed a preference for open habitat within woodland, the species 
evading dense shade. 

In France (FouRNIER 1946) and in Germany, except for the NW. 
plains (Hecr, 1909), Listera cordata is still restricted to the mountains. 
In England, however, it occurs in the lowland region too; in Ireland 
it descends to 10 m above sea level (PRAEGER, 1934), as might be 
expected in an extremely oceanic climate. In Denmark (11 localities, 
fide Hutrén, 1950) it occurs also in the lowland, not only in probably 
artificial coniferous forest (see below), but also in bogs, where it is 
undoubtedly native (RAUNKIAER, 1942). 

STEFFEN (1931), in his description of the vegetation of East Prussia, 
designated Listera cordata as a very faithful (‘‘besonders charakteris- 
tische”) species of the “‘Fichtenzwischenmoore”’, i.e. a moist spruce 
woodland with a bog character. Though it appears from his table 25 
that Listera cordata is absent if Carex species tend to dominate — when 
the swamp aspect thus predominates over the woodland aspect— it 
is clear that this habitat of Listera cordata presents a transitional com- 
munity between the two major habitats previously mentioned: 
moorland and woodland. 

In Belgium Listera cordata has been observed only once in the jurassic 
(mountain) district, but there is some doubt whether the locality of 
this specimen is reliable (LAWALREE & VANDENBERGHEN, 1946). 

There has been some controversy as to the question, whether in 
the N.W. plains of Germany Listera cordata is native, or a neophyte 
which became established after the artificial coniferous afforestation 
during the last 150 years. AscHERSON & GRABNER (1907) give the 
latter hypothesis, but Hecr (1909) states that in the Northern German 
plains Listera cordata has been found also in bogs and moorland; how- 
ever, BucHENAU (1894, 1936) and MrevEeR & VAN DIEKEN (1947) do 
not confirm the latter statement.?) 

A rather special habitat is mentioned by SumMERHAYES (1951, p. 
204), viz. “quite open...., damp marshy places among sand dunes 
near the sea’, where Listera cordata has been found together with 
Listera ovata and Corallorhiza trifida! This refers to Britain, but it is also 
an indication, that CommMELiIn (1683), who mentioned the species 
from open dune valleys on the Dutch coast, might have been right. 

In this connection it is interesting to know that Listera cordata occurs 
in a similar habitat on the North-Frisian island of Amrum, where it 
has been observed in a damp dune valley (CHRIsTIANSEN, 1953). Here 
the species occurs spontaneously in a natural habitat, outside of conifer 
plantations. The locality, the only native one yet known in the 


é) In May 1959, the author visited one of the two localities of Listera cordata 
in the “Land” Rheinland-Westfalen, viz. Einsiedelei near Olpe in Sauerland, 
in the lower mountain zone; they are the most Northern outposts of the Central 
European area of the species. The habitat of the visited spot, a primeval birch 
swamp (Betuletum pubescentis), is a remarkable one and reminds some Scottish 
and Scandinavian habitats of Listera cordata (see below). 
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lowland of Germany, may be considered as a southern outpost of the 
Scandinavian area. In 1958, the author had the opportunity to visit 
the spot. Listera cordata appeared to grow here in a dune moorland on 
acid sand soil, under and between tall plants of Calluna vulgaris, Erica 
tetralix, Empetrum mgrum and Vaccinium uliginosum. The ecological situation 
presented a striking resemblance to that in the moors of the Scottish 
highlands (see below). On the other hand, the vegetation was quite similar 
to that of moist dune heather formation on the Westfrisian island of 


TABLE I 
Dune valley moorland, habitat of Listera cordata, North Frisian island of Amrum, 
Germany 
INUIMpeHOlnecoLciae mnie cmt. ta Wee ae)st tke Meo 1 2 
Nica re eae ee wert he. Ser Pe he Maree ice Go Rly xe pacts 1958 1958 
IDEN SS eae hoe oe De, ree ne ene ee 19/6 21/6 
Shrub + Herb layer, degree of dominance in % . . 90 100 
Moss layer, degree of dominance in% ...... 10 60 
Suriacestudied, immer =—pes mene. Ieee So oe te 15 10 
leech ae eee SD be ce ee ees le? +.1 
Dwarf shrub species: 
Empetrum nigrum . 49=3 on8 
Salix repens . 3.9 DY 
Calluna vulgaris . 3.2 DG 
Erica tetralix a Te Peer tee <twls 22 Ped 
Waccimimanyaligimosum eee eit ste te sane QED Dep 
Genista anglica a +.1 +.2 
Betula pubescens . +.1 Siaee 
Herbs, grasses, mosses: 
I. Indicators of heaths, moorland and acidic grass- 
land (Nardo-Callunetea, Nardo-Galion saxa- 
tilis) : 
Molinia coerulea 2.2-3 Be 
Potentilla erecta. SOI eS rs +.1 +.1 
Luzula campestris var. congesta. . .... . +.1 1.1 
Pedicularis sylvatica . ee: +.1 (+) 
Galium saxatile . — + .2 
Dicranum scoparium — Des) 
Pleurozium schreberi — 122 
II. Other grassland indicators: 
Festuca ovina ssp. capillata. ........ +.2 D2 
Anthoxanthum odoratum. Pa pl lel 
Festuca rubra. } os — 
Remiex dcetosatgl ach aia ee oe — ale, Ll 
III. Swamp _ indicators (Scheuchzerieto-Caricetea 
fuscae, Caricetalia fuscae, Caricion canescentis- 
fuscae) : 
Eriophorum angustifolium ......... 2.1-2 Ze 
G@ares coninatam see ee ee RS — +.1 
itola Paliistriss elslarticay Ole feu see Wo eS — +.1 
IV. Bog indicators (Oxycocco-Sphagnetea) : 
Oracoceus palusiet ooo syle ae se oe ons — ee 
Sphagnum papillosum . uate ncaa +.2 aa 
V. Hygrophyte companions (-+ indifferent) : 
Pseudoscleropodium purum . ft. ye 338 
Pohlia nutans . +.2 
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Terschelling. This may be shown by two sample plot analyses (records), 
made by the author on the Amrum locality and given in table 1. 
The only species of this table which are wanting in the dune moorland 
of Terschelling are Oxycoccus paluster (there replaced by Oxycoccus 
macrocarpus) and Listera cordata! In comparing the two records of table 1 
it is obvious that the rate of abundance and sociability of Listera cordata 
is higher in the first record. This may be due to the much denser moss 
cover in the second record, in combination with a dense dwarf shrub 
layer. Since at present Listera cordata thrives abundantly in artificial 
pine forests on the Dutch Westfrisian islands, it may be expected that 
the species will establish itself here also in the more natural conditions 
of the wet dune valleys. This seems much more probable than a move- 
ment southwards since (1) Listera cordata is acidiphilous and the dunes 
in Holland S. of Alkmaar are rich in lime (“Dune district”) but N. of 
Alkmaar poor in lime (“Wadden district”); and (2) most of the wet 
dune valleys in the Dune district have been drained. 

Considering the woodland habitat, we may ask in what type of 
woodland is Listera cordata likely to occur. In the Alps and the Central 
European secundary mountain-chains, there is a marked association 
with the subalpine Picea-forest, and to a lesser extent with the montane 
Abies-Picea-forest. BRAUN-BLANQUET, SISSINGH & VLIEGER (1939) 
mention it as a constant and faithful species in the Listera cordata- 
Hylocomium umbratum-woodland association in the Jura (1200-1500 m 
alt.) on calcareous subsoil, in the Piceetum subalpinum in the Alps 
(1200-1800 m. alt.), and in the Picea excelsa-Hieracium rotundatum- 
association in the Eastern Carpathes, whereas it occurs with a lower 
presence degree as a faithful.species in the Prceetum tatricum (N. Tatra 
1100-1200 m alt., S.-Tatra 1500-1650 m alt.) and in the Mastigo- 
bryeto-Piceetum in the Black Forest (600-1000 m alt., confirmed by 
OBERDORFER, 1957); all these associations belong to the subalpine 
sub-alliance Rhodoreto-Vaccinion. In all these mountains, Listera cordata 
appears to be absent from pine-woods (Pinus sylvestris, P. cembra, P. 
nigra, P. mugo). AICHINGER (1949), in a study of the succession types 
of Central-European woodland communities, comes to a similar con- 
clusion, for he finds Listera cordata to be a characteristic spruce forest 
species and he mentioned it only once from a pine forest (‘‘Pznetum silves- 
tris-bastferens’’) (1.c. p. 90) in the Eastern Alps near Villach. He comments 
that this forest is really a secondary pioneer community, rejuvenated 
after the cutting down of a spruce forest and has a tendency to develope 
into a spruce forest again. However, in the Eastern Pyrenees, Listera 
cordata appears to be a faithful species of the Rhododendron ferrugineum- 
Listera cordata-association, in which Pinus mugo is the dominant tree 
(BRauN-BLANQUET c.s. 1939). In view of the association of the species 
with pine woods in Scotland, it is possible that this Pyrenean associa- 
tion is of a more oceanic character. — In the montane Central 
European sub-alliance Abieto-Piceion, Listera cordata seems to be much 
rarer; it has been mentioned only in the Aremonieto-Piceetum of Yougo- 
slavia (BRAUN-BLANQUET c.s. 1939) and in the Galio-Piceetum of the 
Eastern Black Forest (OBERDORFER, 1957). 
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The woodlands of Northern Europe are united by BRAUN-BLANQUET 
c.s. (1939) into the sub-alliances Piceion septentrionale and Phyllodoco- 
Vaccinion; Listera cordata has been observed mainly in the former. The 
Piceion septentrionale does not only include coniferous woodland, but 
also the boreal-subalpine and sub-arctic deciduous forest, mainly 
birch forests. HuLTEN (1950) describes the Scandinavian habitat of 
Listera cordata as “‘fugtig barrskog” (wet coniferous woodland), and 
BarkKMAN (1951) informs us that Listera cordata in N.-Sweden is ‘‘more 
or less restricted to spruce forest”. Nevertheless, BRAUN-BLANQUET C.s. 
(1939), following Kuyata (1929), mention Listera cordata as a constant 
and faithful species of the Betuleto-Vaccinietum lapponicum, a birch wood- 
land type occurring to the North of the spruce-limit between 69° and 
69°30’ (see also BEYERINCK, 1936). The species is also present in the 
Scandinavian spruce forest, Piceetum fennoscandicum, and in the Pineto- 
Vaccinetum myrtilli arctostaphyletosum, which occurs in Sweden, Finland 
and Estland and is essentially a Scots Pine forest. Moreover, SyOrs 
(1949) reports that Listera cordata has been observed in an alder wood 
(Alnus glutinosa x incana) in Dalarna, Sweden. 

Within the sub-alliance Phyllodoco-Vaccinion, Listera cordata occurs 
in the Aylocomieto-Betuletum tortuosi, a wide-spread Scandinavian 
mountain birch woodland on very acid raw humus. BRAUN-BLANQUET, 
SissINGH & VLIEGER (l.c.) mention it only in the relatively oceanic 
subassociation Hylocomieto-Betuletum tortuost cornetosum, with presence 
degree I, based on Norwegian and Finnish records from NORDHAGEN 
and KujaLa. SEGAL (in litt.) made a record of it near Bjorkliden, 
Sweden (1957, 450 m alt.) with some plants of Listera cordata in it. 

In Scotland, Listera cordata occurs occasionally in the Caledonian 
pine forests of the Highlands (TansLey 1949, SummMERHAYES 1951) and 
in Highland birchwoods, e.g. in Caithness (id.); as well as in tall 
Calluna and Vaccinium moorland vegetations, in damp or moist habitats 
and above the timber line, e.g. in the Cairngorms (METCALFE, 1950). 

From these data it is obvious, that the woodland habitat (Scots pine 
and birch) of Listera cordata in Scotland corresponds more closely to 
that of Scandinavian than to that of Central Europe. 


3. SCOTTISH PINEWOOD 

During an excursion in Scotland from 29th June to 5th July 1956 
we had the opportunity to see some pinewoods. Sample plot analyses 
records after the BRAUN-BLANQUET method were made as follows: 

1. Near Fochabers, less than 200 ft (70 m) altitude. Spontaneous 
pinewood, age ca. 100 years, 15 m high. 30-VI-1956. 

2. Culbin Sands, N. coast of Morayshire. Sea sand dunes, fixed 
from 1921-1951 by afforestation (Ovincton, 1950; see also Anon., 
1953). Forest of Pinus nigra ssp. laricio, age 45 years, 15-20 m high, 
I-VII-1956. 

3. Currwood near Dulnanbridge, between Inverness and Avie- 
more, ca. 700 ft. (230 m) alt. Pinewood, regenerated after destruction 
(by fire?), several times thinned, not pastured. Age ca. 80 years, 
18 m high. 1-VII-1956. 
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4, 5. Part of the Abernethy Forest adjoining Loch Garten near 
Aviemore, ca. 800 ft (270 m) alt. Old native pinewood, regenerating 
spontaneously. Open canopy of Scots pines, 20 m high, age ca. 200 
years, alternating with groups of younger pines.in varying ages, up 
to ca 10 m high. We were informed by the Nature Conservancy, 
Scotland, that this forest represented a characteristic example of group 
regeneration of pine at all size stages, showing the formation of dense 
thickets in the neighbourhood of parent trees and the natural thinning 
of these thickets. ‘The pines have regenerated actively on a heather 
area not recently burned. This small piece of forest has attained the 
structure at which the Conservancy’s management of pine forest is 
aiming in the first instance and but for any catastrophe, such as fire 
uc wind-blow, it should maintain itself indefinitely. Pine forest with 
this structure is extremely rare, even in Scandinavia. The moss mat 
and fermentation layers are not as thick or dense as in the normal 
forests of these types which follow fire. 1-VII-1956. 

6. Cairngorms National Nature Reserve near Aviemore, ranging 
from 840 ft (260 m) in altitude to 4296 ft (1309 m). The splendid 
Scots pine woodland still found here is, as the Nature Conservancy, 
Scotland, kindly informed us, the largest surviving area of the ancient 
Caledonian Forest, parts of which are still self-regenerating and contain 
their naturally associated flora and fauna. One of our analyses has 
been made in an open apparently primeval woodland on glacial drift, 
at Loch an Eilein near Rothiemurchus, a forest not managed since 
time immemorial. Old pines ca. 300 years of age, with heavy round 
crowns and far apart, alternated with younger trees of between 200-40 
years old. Our second analysis was not made in a primeval woodland, 
but, on a west exposure on glacial drift, in a naturally regenerating 
forest of Scots pine, cut down (or blown down?) ca. 80 years ago and 
with no record of a fire. Besides the species mentioned in our analyses 
(see table), some other characteristic pine wood species occur in the 
Reserve, viz. Linnaea borealis, Pyrola media and very rarely P. uniflora 
(information by the Nature Conservancy). Listera cordata, however, 
was not mentioned nor was it seen by us here. 2-VII-1956. 

The pine forest of the Cairngorms has also been described by 
TANSLEY (1949, p. 447-449) under the name “‘Rothiemurchus Forest’’. 

7. Kinlochewe Forest near Beinn Eighe at the W.-coast of Scot- 
land, county Ross and Cromarty. Altitude ca. 1000 ft (300 m). 
3-VII-1956. In this extreme oceanic climate the annual precipitation 
attains one of the highest values in the United Kingdom (ca. 70 
inches = 2540 mm), whilst the number of mean annual hours of 
bright sunshine (less than 1200) is very low; the W.-winds are very 
strong and continuous. Nevertheless, the natural climax of the region 
would be a pine forest mixed with deciduous trees and it is mainly 
by overgrazing by red deer and sheep that woodland has become 
very scarce and its regeneration difficult. Our analysis was made on 
a N.-exposure on a very poor soil with a wet podsol profile (30 cm. 
raw fermentation layer, 20-30 cm. bleached sand layer). As in the 
Cairngorms, the tree layer consisted of some 200-300 years old Scots 
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pines, ca. 30 m high, and between them trees of 150-100 years, 80-40 
years, shrubs and saplings. Dr. D. Mc Vean (The Nature Conservancy, 
Scotland), who studied this woodland thoroughly, kindly showed us a 
characteristic locality, so that nearly all species occurring in it would 
occur in our analysis. Dr. Mc Vean also informed us that Pyrola- 
species do not occur here; they are confined to woodland on richer soils. 

The Kinlochewe Forest has also been described by Tanstey (1949, 
p. 450) under the name “‘pine-forest on the south-western shore of 
Loch Maree’’. 

Comparing the analyses made in these localities, it became clear 
that the Highland pine woods of Currwood, Abernethy Forest, Cairn- 
gorms Reserve and Benn Eighe had a great similarity with respect to 
floristic composition, history, structure of vegetation and _ altitude, 
whereas the forests of Fochabers and Culbin Sands, both at lower 
altitudes, differed considerably form the former. Therefore, 6 analyses 
of the former woodland type are combined in table 2. A sample list 
of the forest of Ballochbuie at Balmoral, taken from TANsLEy’s (1949) 
description of the Caledonian Pine Forest, has been added to the table 
as nr. 7. The description of the Highland Scots pine woodland type 
by TANSLEY suggests that nearly all important localities where this 
type survives are represented in our table. 

TANSLEY (l.c.) points out, that the Caledonian Highland pine wood 
has to be considered a somewhat impoverished Southwestern outpost 
of the Fenno-scandinavian coniferous woodlands. In comparing table 2 
with the vegetation tables of the boreal sub-alliance Picezon septentrionale 
(alliance Vaccinio-Piceion, order Vaccinio-Piceetalia) by BRAUN-BLANQUET, 
SissINGH & VLIEGER (1939), it is clear, indeed, that the Highland 
pinewood fits very well into this sub-alliance. BRAUN-BLANQUET C.s. 
(l.c.) only present a short remark on the Scottish pinewoods (p. 67-68). 
They do not give a table of it, but consider them to be either a sub- 
association of the Pineto-Vaccinietum myrtilli or, more probably (“wohl 
eher aber”), a special association. Curiously enough, they state in 
their general outline (l.c., p. 5) that the order Vaccinio-Piceetalia does 
not occur in the humid region of Western Europe! 

Compared to the Fennoscandian associations of the sub-alliance, the 
Scotch pinewood appears to be slightly poorer because of (1) the 
absence of Picea abies, Lycopodium complanatum and Pyrola chloranthe, 
which are not native at all in Britain (CLAPHAM, TuTIn & WARBURG, 
1952); (2) the absence of Lycopodium selago, Empetrum hermaphroditum, 
Vaccinium uliginosum and Lophozia lycopodioides, because in Scotland 
these species do not occur in woodland, but in open moorland (CLAP- 
aM, Tutin & Warsurc, 1952; Macvicar, 1912), apparently as a 
consequence of the oceanic climate (cf. § 2). On the other hand, the 
Scotch pinewood contains at least two geographically differential eu- 
atlantic species, viz. Carex binervis and Erica cinerea. According to 
Hutrén (1950) both occur also in the extreme S.W. part of Norway, 
so that it may be expected, that in Western Norway a gradual transi- 
tion may be observed between the Scottish pinewood type and the 
Pineto-Vaccinietum myrtilli. The presence of Betula pubescens ssp. odorata 


432 V. WESTHOFF 


(Bechst.) E. F. Warburg and Populus tremula constitutes a difference 
between boreal and alpine coniferous woodland; these species are 
given in table 2 as differential species of the sub-alliance Picezon 
septentrionale, according to BRAUN-BLANQUET, SISSINGH & VLIEGER (1939.) 

A faithful, characteristic species of the Scottish pinewood is the 
dominant Pinus sylvestris ssp. scotica (Schott) E. F. Warburg, which 
seems to be a Scottish endemic. We are not quite sure, however, that 
there exists a real difference between this taxon and the Pinus sylvestris 
of Norway and Sweden. For this reason and for the possibility of a 
gradual transition between the Scottish pinewoodland type and the 
Pineto-Vaccinietum myrtilli in S.W.-Norway (see above), we think it 
better not to describe as yet the Scottish pine woodland type as a new 
association. Provisionally we consider it as an atlantic vicariant of 
the Pineto-Vaccinietum myrtilli (Pineto-Vaccinietum myrtilli atlanticum). 

For the sake of comparing the Scandinavian records with those of 
Scotland we present next vegetation record of a Pineto-Vaccintetum 
myrtilli forest near Han (S.-Sweden), made and kindly offered to us 
by Mr. S. SEGAL. 


Date: 30th August 1952. Surface studied: 300 m?. 
Tree layer: height 12 m, degree of dominance 80-90 %: 


Dinws Suhyvesws (GIP) o 2 6 a a “oll Picea abies wll 
Shrub layer: height to 40 cm, degree of dominance 20 %: 

Vaccinium myrtillus. . ... . 2.2-3 Calluna vulgaris . +.2 
Vaccinium vitis-idaea 12 

Herb layer: 30 % 

Listera cordata . +.1 Dryopteris linnaeana . +.2 
Goodyera repens. . +.2 Melampyrum sylvaticum 1.2 
Pyrola minor . all Solidago virgaurea . +.1 
Pyrola chlorantha . Pie! Festuca ovina cms +.2 
Ramischia secunda. . +.1-2  Deschampsia flexuosa . + .2 
Linnaea borealis . ee 2. Rumex acetosa. +1 
Lycopodium annotinum Selc2 Stellaria sp. . +.1 
Trientalis europaea ge 2 

Moss layer: 40 % 

Ptilium crista-castrensis. . . +.2 Pleurozium schreberi . ~2=3.2 
Hylocomium splendens . . 1-2.2 Dicranum scoparium . som 2 
Hylocomium spec. . ane! Peltigera cf. aphtosa » +.2 


Mr. SEGAL emphasizes the fact that the habitat was a dry one. 
According to Wuire (1898, cit. in TANsLEy, 1949) in Scotland the 
following herb species may be confined to this community: Goodyera 
repens, Corallorhiza trifida and Pyrola uniflora; 'TANSLEY adds that these 
species are on the whole rare, which may be the reason why only 
Goodyera repens is represented in our table. The four taxa Pinus sylvestris 
ssp. scotica, Goodyera repens, Corallorhiza trifida and Pyrola uniflora may be 
considered faithful species of the community. WHITE (l.c.) also gives 
a number of herbs characteristic of (but not confined to) the Prneto- 
Vaccinietum atlanticum; four of them (*) occur in our table 2: 


Linnaea borealis * Pyrola rotundifolia 
* Listera cordata Pyrola secunda 
Pyrola media * Trientalis europaea 


* Pyrola minor 
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These species occur also in birch woodland or in open moorland. 

It is possible, however, that some of them will present a presence 
optimum in the Pineto-Vaccinietum atlanticum, so that they may be 
considered faithful species of this community; this cannot be concluded 
on the base of the available data. 
We are therefore giving the (*) species in table 2 as faithful species 
of the alliance, order and class, according to the classification by 
OBERDORFER (1957). We also put into these categories those species 
(phanerogams and mosses), which in the whole of their area have to 
be considered as such, although they (at least the phanerogams) may 
show no preference for pinewood in the Highlands: Vaccinium myrtillus, 
V. vitts-idaea and Arctostaphylos uva-urst. 

It is probable, that within the Pneto-Vaccinietum atlanticum several 
subassociations and (or) variants may be distinguished, e.g. a unit on 
poor soil lacking Pyrola ssp. (see also § 2) and the species indicating 
mild humus (Viola riviniana, Luzula pilosa), but rich in Sphagnum 
(“sphagnetosum’’), and a unit with Pyrola, Viola, Luzula pilosa, but with 
less or no Sphagnum (“‘pyroletosum’’). The present material, however, 
does not allow us to make such a distinction on the basis of table 2. 
It may appear from this table, that Listera cordata is present both in 
the poor “‘sphagnetosum” (record nr. 6) and in the richer variant (list 
from TANSLEY), but this is not certain, as in the latter list Sphagnum 
was abundant too. 

The two other pinewoods visited by us situated in the lowlands, viz. 
at Culbin Sands and near Fochabers, do not belong to the Pineto- 
Vaccinietum atlanticum. The artificial Corsican pine afforestation at 
Culbin Sands showed such an interesting and striking resemblance 
with the artificial Corsican and Austrian pine afforestations on the 
Dutch Westfrisian islands, that it will be dealt with in § 4 (see table 3, 
nr. 7) ; Listera cordata occured there. In the Scots pine forest at Fochabers 
(< 70 m alt). the following record was made by us: 


200 m2. Tree layer: age + 100 years, 15 m high. 
Pinus sylvestris (ssp. scotica?) . Sell 


Herb layer: 100 % 


Pteridium aquilinum . Boo) Agrostis stolonifera . +.2 
Erica cinerea . oot Eta Bereta memes ee Veronica officinalis . +.2 
Deschampsia flexuosa ..... 2.2 Galium hercynicum . +.2 
Lonicera periclymenum. a 222 Rubus fruticosus_ . +.2 
Solidago virgaurea . Isl Fagus sylvatica, iuv. ... . r 
Viola riviniana ; ie Acer pseudoplatanus, iuv. . . r 
Teucrium scorodonia. 1.2 

Moss layer: 20 % 

Pleurozium schreberi. . . ... = 2.3 Hylocomium splendens . . . . +.2 
Pseudoscleropodium purum. . . +.2 


Conspicuous differences with the Pineto-Vaccinietum atlanticum are: 
(1) the absence of some constant characteristics of the latter associa- 
tion, viz. Vaccinium myrtillus, V. vitis-tdaea, Trientalis europaea, Blechnum 
spicant, Melampyrum spp., Rhytedradelphus troquetrus ; (2) the dominance 
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of Pteridium aquilinum; (3) the occurrence of some typical lowland !) 
forest species, viz. Lonicera periclymenum and Fagus sylvatica; (4) the 
absence of all faithful herbs of the Pineto-Vaccinietum atlanticum. The 
Fochabers community bears hardly any resemblance to the order 
of Pinetalia (OBERDORFER, 1957), except perhaps for the hercynic 
association ‘‘Pinetum variscum’?. Somewhat more striking is the 
resemblance with the montane Central-European Luzulo-Fagion 
alliance, the beech woodland on acid soil. 


4, ‘THE PINE AFFORESTATIONS ON COASTAL DUNE SAND ON THE DuTCH 
WESTFRISIAN ISLANDS AND CULBIN SANDs, SCOTLAND 


For understanding and interpreting the secundary vegetation of 
artificial pine forests on dunes, it is necessary to know the habitat and 
the vegetation (1) before afforestation and (2) in the dune area 
adjacent to the forest. A knowledge of (2) enables one to make some 
estimate of the former conditions which is particularly valuable if 
these are not known by direct observation (as in the present case). 
Moreover, dune species will continue to send diaspores into the forest, 
thus creating or maintaining there a temporary or permanent secundary 
population (“‘vicinism’” sensu NorpHAGEN. 1939). The number of 
these migrating species will decrease gradually from the margin to the 
interior of a forest. 

The flora and vegetation of Terschelling have been studied by 
VAN DieREN (1934) and WestHorr (1943, 1947); the vegetation of 
Ameland by Braun-BLANQUET & DE LEEUW (1936); that of Schier- 
monnikoog by DEN Hartoc (1952) and WestHorr (1954a); and that 
of Culbin Sands by Ovincton (1950). The vegetation records of all 
Westfrisian islands has been summarized by WesTHoFF in MORZzER 
Bruyns & WestHorr (1951); the plant communities with woody 
species (lignosa) found in the Dutch dune area (incl. the Westfrisian 
islands) and its inner border have been described by WEstHorFrF (1953) ; 
and the Dutch dune grasslands by BoERBoom (1958). The forestry 
aspects of dune afforestation on the Westfrisian islands have been 
reported by Boopt (1934). 

The dune sand of the islands and the adjacent Dutch dune continent 
(“Waddendistrict”’) is poor in lime (< + 1 %, on Terschelling even 
< 0,2 %), in contrast to the Southern “Dune District”’ (lime content 
+ 3-44 20%). From Terschelling to the East, the lime content 
gradually increases in such a way that the flora of Schiermonnikoog 
has certain affinities with that of the Dune District. All islands have 
both a hygrosere, in the wet dune valleys, and, on the dunes, a xerosere 
which is independent of the phreatic water. In both seres the dunes 
have been partly afforested so that the wet dune valleys were drained, 
especially on Terschelling, and have continued to dry up as transpira- 
tion by the growing pine plantations increased. 

The xerosere as far as it relates to our subject is illustrated by 


1) Only as regard Scotland. 
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SCHEME I 
Xerosere on the Westfrisian islands 


Agropyretum boreo-atlanticum 
Elymeto-Ammophiletum typicum 


Elymeto-Ammophiletum festucetosum 


y 
Tortuleto-Phleetum 
arenarit 
(master factor: 
maintained by 


y y \ 
Violeto-Coryne- <— Community of << Festuceto- 
phoretum dunense Hippophae rhamnoides Galietum maritimt 
(mainly on S-expo- and Polypodium vulgare (master factor: 
sures and on flat, (mainly on pasturing by cattle 


rabbits) wind-swept erosion N-exposures) goat, sheep) 
t plateaus) | | | | 
(erosion, NF Al y 
mainly by Polypodieto- Ass.. of Salix repens and Calluneto- 
rabbits) Empetretum Thalictrum minus Genistetum litorali. 
(Terschelling) (Ameland, (Terschelling) 
Schiermonnikoog) 


scheme I. The names of the communities in which afforestation has 
taken place have been printed in italics. 

On Terschelling, the Festuceto-Galietum maritimi is not extensive and 
is only of minor importance. It has not been used for afforestation; in 
the xerosere, the forest has been planted mainly in the Violeto-Coryne- 
phoretum dunense and the Polypodeto-Empetretum. 

On Ameland and Schiermonnikoog, however, the Festuceto-Galietum 
covers large areas; in the xerosere, afforestation has been carried out 
mainly in this association, and further in the Violeto-Corynephoretum and 
in the Salix repens- Thalictrum minus-association. 

The hygrosere, as far as it relates to our subject, is given in schemes 
II and III. Two schemes are given, since the oligotrophic hygrosere on 
Terschelling, where Empetrum nigrum, Erica tetralix, Calluna vulgaris and 
Myrica gale are important constituents, differs considerably from the 
less oligotrophic hygrosere on Ameland and Schiermonnikoog, where 
these species are less common (Calluna) or even rare (Erica) or absent 
(Myrica). The names of the communities in which afforestation has 
taken place (mostly after draining) have been printed in italics. 


SCHEME II 
The Hygrosere on the island of Terschelling 
Dry We 
—— ——a 
Various pioneer communities Littorellion uniflorae 
Schoenetum nigricantis Acrocladieto- : Oras 
aeatinhese hice aie trinervis-fuscae 
j piesa i Sociation of Oxycoccus macrocarpt 
Ass. of Calamagrostis —>  Pyroleto- Empetro-Ericetum Mae : 
_epigeios and Salicetum Sociation of Myrica gale 
Ophioglossum vulgatum . L doe 1 


Calluneto-Genistetum Betuleto-Salicetum, variant 
litoralis with Carex trinervis 
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SCHEME III 
The Hydrosere on the islands of AmelandJand (or) Schiermonnikoog 
Dry Wet 
< —_— > 
Various pioneer communities 
Community of Parnassia Schoenetum nigricantis Acrocladieto- 


palustris and mentuonense Salicetum 
Herminium monorchis l | 


| 


Association of Calamagrostis | 
epigeios and Ophioglossum 
vulgatum Cirsieto- Molinietum 
dunense 


+ 
Pyroleto-Salicetum 


Calluneto-Genistetum litorale 
(occasional) 


The xero- and hygrosere mostly alternate over short distances, 
because of the geomorphological situation. 

The undergrowth of the pine plantations differs according to the 
depth of the water table. In the pure xerosere, they remain very poor 
in species. In the first decennium, there is either no undergrowth at 
all, or only the mosses Hypnum cupressiforme, Dicranum scoparium and 
Pleurozium schreberi. In some cases, mainly along woodland margins, 
certain phanerograms may survive, though sparsely and with reduced 
vitality, e.g. Ammophila arenaria, Carex arenaria and Salix repens. In the 
next decennia the moss’cover becomes denser and some phanerogams 
may either return or spread secundarily, e.g. Agrostis canina var. arida, 
Polypodium vulgare, Epipactis helleborine, Empetrum nigrum, Hteracium 
umbellatum and Veronica officinalis besides those mentioned previously. 
As yet, no Vaccinium species are established, and Listera cordata has not 
been found in such dry pine forests. 

Pine forests in the pure hygrosere do not exist, because of the above- 
mentioned sylvicultural reasons. However, considerable stretches of 
pine forest are found in an intermediate habitat, where species of both 
xero- and hygrosere occur, and which may be named “‘mesosere”’ 
(Den Harroc 1952). Listera cordata has been observed in this habitat 
only. Eight sample plot vegetation analyses (records) were made by 
us in this biotope and are combined in table 3. The records 2 and 3 
have been made on the same locality, but in different years and by 
different investigators. 

A ninth analysis for the Culbin Sands on the Scottish coast (see § 3) 
was made and this agrees quite well with the other records. ‘This 
may be due: 
(1) to the corresponding climate: the climate of Culbin Sands 1s 

known to be relatively mild and dry for Scottish conditions, the 
precipitation amounting to 61-67 cm per annum (OvINGTON, 
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1950). Terschelling with 72 cm has a rainfall which is not con- 
siderably higher; 

(2) to the similar geological and geomorphological situation ; 

(3) to similar history: until 1921 the Culbin Sands were a desert 
where the dune sand was freely blowing until it was fixed by 
afforestation; in the same way, only two decennia before, the 
dune landscape of Terschelling constituted a rather bare desert 
until it was fixed by various techniques, e.g. afforestation, erosion 
control and the abolishment of dune pasturing; 

(4) to the similar ages of the forests studied: 45 years in the Culbin 
Sands, 30-40 years on the islands; 

(5) to the fact that the dominant tree is the same. 

The most constant, characteristic differential species of this commu- 
nity is Pseudoscleropodium purum; it can be said, that it is useless to look 
for Listera cordata where this moss is absent. Therefore, the present 
community can be indicated as a ‘“‘Pinis mgra + sylvestris — Listera cor- 
data — Pseudoscleropodium purum-consociation”’. 


Mr. S. SEGAL kindly informed us: 


(1) that he observed, that, during the years 1950-1958, in the pine- 
forests on Terschelling the presence and dominance of Pseudo- 
scleropodium purum increased ; 

(2) that this moss species does not at all play the same part in the 
Scandinavian pinewoods, where Listera cordata is constantly as- 
sociated by Hylocomium splendens and less frequently also by Pézlzum 
crista castrensis and Pleurozium schrebert. In our table 3, the combina- 
tion of these three species (and also Pseudoscleropodium purum) with 
Listera cordata is represented in record nr. 3 only. 


A certain resemblance between the forest habitat and that of the 
dwarf dune scrub is obvious. Therefore in table 3 we listed separately 
not only the species of the xero- and the hygrosere, but also those 
species which occur on the islands in dune scrub or have their optimal 
habitat on northern exposures (which in most cases bear also a dwarf 
scrub community). The remaining species have been separated into a 
xerosere group, a hygrosere group and a (very small) group of species 
indifferent in this respect; besides, the “differentials” of Gulbin Sands 
are given as a special category. Among the latter are (1) taxa which are 
completely wanting on the islands, viz. Deschampsia flexuosa, Frangula 
alnus, Betula pubescens ssp. odorata, and Pyrola secunda; (2) Galium 
hercynicum, which is known on the islands from only one locality on 
Terschelling, far from the forests; (3) Holcus mollis, which occurs on 
the islands only in alder wood. 

In order to obtain a numerical expression of the position of the 
records between the xero- and the hygrosere, we have calculated the 
group quotient X/H. 100. The total cover values of the group of xerosere 
and hygrosere species of each record (X and H) have been calculated 
by addition, the cover values being made according to ScHwIcKERATH 
(see e.g. WestHoFF, 1947). If the total cover value of the xerosere 
species is lower than that of the hygrosere species, the group quotient 
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must be < 100. Indeed, in our records it varies from 25 to 75 (see 
table 3), thus indicating (1) that all records belong to the hygrosere; 
(2) that, nevertheless, the xerosere species always remain of importance, 
so that it might be better to bring the Pinus nigra + sylvestris — Listera 
cordata — Pseudoscleropodium purum-consociation to the ‘‘mesosere’’. 

It is interesting, that the populations of Listera cordata on the islands 
are so large; in table 3, the abundance figure 2 refers to thousands of 
individuals, figure 1 to many hundreds of them, on sample surfaces 
of circa 100 m?. For the Ameland locality, WEITER (1949) observed 
ca. 10,000 individuals on 20 m?. SumMEeRHAyes (1951) states, that the 
number of individuals of Listera cordata is rather small in most cases, 
and that such large populations arise only where the habitat is optimal. 
It is surprising, that such young and artificial pine stands with only 
a thin fermentation cover on sterile dune sand offer such optimal 
conditions for this particular species. 

Comparing the difference in the dominant tree species with any 
difference in undergrowth vegetation, it appears from table 3, that in 
one record (no. 6) Pinus sylvestris is the dominant tree. This is exception- 
al: the record represents one of the very few spots on the island of 
Terschelling where Pinus sylvestris has been planted instead of Pinus 
nigra. his record is also the only locality of Linnaea borealis known on 
Terschelling; whether this correlation is accidental or real, cannot be 
concluded on the base of a single record. As to the subspecies of Pinus 
nigra, table 3 shows that there is no obvious correlation between the 
difference in the dominant tree subspecies and any of the differences 
in vegetation. 

Comparing the Pinus nigra + sylvestris — Listera cordata — Pseudosclero- 
podium purum-conscciation (table 3) with the Pineto-Vaccinietum myrtilli 
atlanticum of Scotland (table 2 and context), we see that these com- 
munities have 17 species in common. Five of them are neophytes in the 
dune sociation: Listera cordata, Goodyera repens, Linnaea borealis, Plagio- 
thecium undulatum, Ptilium crista-castrensis. Except for Linnaea, these are 
all “‘euchorous”’ species (WEsTHOFF, 1947), i.e. species with a large 
dissemination capacity, which in this case is due to very small diaspores 
enabling the plants to establish themselves as soon as the habitat 
becomes favourable. Linnaea borealis is supposed to be epizcéchorous, 
viz. to be transported by migratory birds (GiceR 1913, BeyERINCK 
1929b) ; in this case it would be an euchorous species too. Among the 
other species which both communities have in common, 8 belong to 
the group of species occurring on the islands in dune scrub or having 
their optimal habitat on northern exposures; they are, in sequence of 
degrees of presence in table 3: Dryopteris spinulosa, Pyrola rotundifolia, 
Pyrola minor, Dicranum scoparium, Pleurozium schreberi, Calluna vulgaris, 
Hylocomium splendens, Sorbus aucuparia (the last one in table 3 probably 
subspontaneous). These species, too, are euchorous. Of the four 
remaining species occurring in both communities, two are from the 
xerosere (Veronica officinalis and Rumex acetosella), one from the hygrosere 
(Potentilla erecta) and one, Agrostis canina, which in its main from (var. 
canina?) is hygrophilous, but in its var. arida not so. 


446 V. WESTHOFF 


The last species worth mentioning is Dryopteris linnaeana. It belongs 
to the first group, that of neophytes in the dune sociation, but it has 
not been considered above, as it is absent from both our tables 2 and 3. 
It does occur, however, in the Scotch pinewood, and it was discovered, 
for the first time on the Westfrisian islands, by Mr. S. SEGAL in an 
artificial pine forest on the island of Terschelling in the year 1955. 

Finally we may ask what probability there is for a future develop- 
ment of the pine-consociation on the islands, from the present “nascent 
association”, to a well-developed association of the sub-alliance 
Piceion septentrionale. This is mainly a question of accessibility. As to the 
dominant Vaccinium species, experience on the Dutch mainland has 
taught us that they do not establish themselves in artificial pinewoods 
in the first generation under 25 years of age (WESTHOFF, LOD 
Assuming that it would be allowed to apply this to the islands, the 
establishment of these species might be expected now from an edaphic 
point of view. Vaccinium myrtillus however is completely absent from 
the islands as yet. Vaccinium vitis-idaea occurs in the dune scrub of 
Terschelling as a neophyte in 2 localities, probably brought by 
migratory birds; its establishment in the pine forest is possible, but it 
has been found neither on Ameland nor on Schiermonnikoog. ‘The 
same is true for Arctostaphylos uva-ursi, a recent neophyte on Terschel- 
ling, and known there from 3 localities in open dune heath; for 
Juniperus communis, also known from Terschelling dune scrub; and for 
Blechnum spicant, a recent neophyte in one locality in dune scrub on 
Terschelling. Rhytidiadelphus loreus and R. triquetrus occur on Terschel- 
ling, especially in the Polypodieto-Empetretum on northern slopes, and 
we do not see any reason why they should not be able to establish 
themselves in the pine forest. Sphagnum girgensohnit and S$. quinquefarium 
are montane species, not likely to be expected in a lowland dune area. 
Trientalis europaea occurs on ‘Terschelling in alder wood where the soil 
is not covered with a humus layer comparable to that of the pine 
forests. In 1958, however, it has been observed on Terschelling also 
in rather open, low dune shrub in the mesosere; in a similar habitat 
it had been observed on the island of Vlieland as early as 1928 (DE 
Vries, 1950), on which locality, however, it did not maintain itself. 
We do not expect a migration of Trientalis europaea into the Terschelling 
pineforests in the near future. 

Summarizing, we may expect a further development of the pine 
forest of Terschelling into a well-defined association of the Picezon 
septentrionale. This is mainly due to the exceptionally low lime content 
of the Terschelling dune sand, favouring the establishment of species 
of the boreal coniferous woodland formation. Such a development is 
less probable on Ameland and Schiermonnikoog. 
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SOME NOTES ON SKALLINGENS SALT MARSH 
MEGE TATION AND 1ES HABITAT 


W. G. BEEFTINK 
(Laboratory for Plant Taxonomy and Geography, Wageningen, the Netherlands) 
(recetved March 3rd, 1959) 


1. INTRODUCTION 


From 1-7 July 1956 an excursion was organized through Schleswig 
and Jutland by the International Society for Plant Geography and 
Ecology. The objects were salt marshes and dunes along the coasts of 
the Wadden Sea and the North Sea. During this excursion Dr. J 
Iversen invited the author kindly to stay some days (5-8 July) at 
Skalling-Laboratory, situated in the northern part of the Danish 
peninsula Skallingen near the village Ho. The author is greatly in- 
debted to Dr. Iversen for his kind invitation, which enabled him to carry 
out the present work. 

The Skalling Peninsula — about 3 x 10 km large — forms the 
northern barrier of the Danish Wadden Sea, which ends in the Ho 
Bugt. The narrow but deep channel Graadyb separates it from the 
isle of Fang. Skallingen is one of the most northern regions with salt 
marshes -on the west coast of Denmark and therefore it is of major 
importance for the study of the Westeuropean halophytic biocenoses. 

On the side of the North Sea the peninsula consists of dunes with 
beaches. These dunes form the southern continuation of the chains 
along the west coast of Jutland. Behind the dunes a sandy and hilly 
landscape is found, for the greater part situated at an altitude fairly 
high above MHW-level. The more clayey salt marshes are found 
further on to the east along the Wadden Sea, largely overgrown with 
a closed vegetation which is flooded by spring-tides and storm floods. 

It was not possible to study the whole salt marshes in the few days 
available. Therefore a rather small region was chosen, which, appar- 
ently, never had been grazen by cattle. This region forms a strip 
going from the Wadden Sea to the west overlapping both clayey and 
sandy soils (Fig. 1). 


2. ENVIRONMENT AND GEOMORPHOLOGICAL DEVELOPMENT 


The foundation on which the marshes have been formed is a sand 
flat of higher level than normal tidal flats (Jaxopsen, 1952/53). 
Through several gaps in the dunes the sea deposited a great deal of 
sand behind the coastline. In the beginning of this century, however, 
the gaps were closed by dams and since the salt marshes and their 
vegetation have developed. The first marshes were formed as small 
islands along the Wadden Sea. About 1931-1934, when IvERSEN 
(1936) investigated the vegetation of Skallingen, the area was divided 
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into so-called “‘outer salt marshes” situated on the Wadden Sea coast, 
and “inner salt marshes” near the dunes, which were separated by 
“a large sandplain nearly barren except for scattered Salicornia, often 
submerged by salt water for considerable periods” (IVERSEN, SEY Gye 
Nowadays the sandplain is silted up entirely and the outer and inner 
marshes overlap. This phenomenon of sedimentation of silt after 
closing gaps in the range of dunes is not restricted to Skallingen. It is 
observed, too, on the Dutch isles of Texel and Terschelling (WEsTHOFF, 
1947 manuscript). 

On Skallingens salt marshes sedimentation from the Wadden Sea 
did not take place over the whole area. The inner marshes have only 
occasionly been silted up on a few localities, as a result of the fairly 
high elevation above MHW-level. This circumstance combined with 
the effect of a small number of tidal creeks and of the large distance 
to the sea results in inundations by storm floods only. In those circum- 
stances the possibilities for sedimentation of silt are limited. For this 
reason the greater part of the area will have obtained its present 
condition, during the period that gaps in the dune ranges still existed. 
The outer marshes are younger and have been silted up recently. 
Locally, some sandhills emerge out of the clayey soil. They are 
probably high parts of the underlying sand flat. The formation of 
many tidal creeks with their banks and basins between them results 
in a landscape characteristic for such salt marshes. It may be called 
a bank-and-basin-landscape (Fig. 2). The tidal creeks are not so deep 
as those in the southwestern part of the Netherlands. Doubtless this 
phenomenon is related to the difference in tide-level (near Skallingen 
average about 1.35 m, in the S.W.-Netherlands 3.— till 4.50 m). 

Except for the mud flats along the Wadden Sea the outer marshes 
are silted up to a height exceeding average high tide level. The rate 
of sedimentation was about 3,6 mm p.a. in the years 1931-1933 as 
stated by NieLsen (1935), but according to JAKoBsEN (1952/53) the 
real accretion was only some 2 mm due to settling in young deposits. 
However, the above mentioned authors have made no distinction 
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Fig. 2. Cross-section of the bank-and-basin-landscape with vegetation zones. 

1 = Puccinellietum maritimae; 2 = Halimionetum portulacoidis; 3 = Artemistetum mari- 

timae; 4 = Creeks with individuals of Halimione portulacoides on the walls along the 
inside of the banks. 
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between the difference of accretion in basins and that on banks a 
result of the difference in distance from the water-supplying creeks, 
for according to VERHOEVEN (1954) accretion on the banks is generally 
larger than in the basins, and, moreover, deposits were found to settle 
on banks to a lower degree. 

On account of the sandy character of the inner marshes and their 
less frequent floods the soil moisture and its salt content are on an 
average lower compared with the outer marshes. The floristic composi- 
tion and structure of the vegetation presents evident consequences of 
these differences in soil and water conditions. 

The lime content of the soil is very low. According to SANDERS and 
VERHOEVEN (1956) it decreases regularly on the salt marshes from 
Bretagne till Denmark. The soil of Skallingen still contains some lime, 
in contrast to some soils along the coast near Skaerbaek and Ribe 
which contain practically no lime (VERHOEVEN, verbal communica- 
tion). According to Verhoeven, in 8 samples the content varies from 
0,36 till 1,46 % CaCO, with a variation from 0 till 32,5 % silt < 16 wu. 

Probably this difference between Skallingen and the above mentioned 
Danish salt marshes is due to a complex of factors of which the following 
may be important: (1) the origin and age of sedimentation materials; 
(2) a difference in sedimentation velocity which may be directly 
proportional to the lime content; (3) locally, mixing of seawater with 
the acid, or at least less calcareous, water of small rivers (see also the 
view of De Smet, 1954) or (4) perhaps difference in withdrawal of 
CaCO, from the sediments as an additional effect of oxydation of iron 
sulphide (VAN DER SPEK, 1952) and of oxydation and hydrolization 
of iron compounds (RivierE, 1942). It is uncertain which factor 
prevails, the first two being generally perhaps the most common as a 
cause of local differences. On Skallingen the rather high sedimentation 
rate might be the primary cause of the relative high lime content. 


Spartina townsend promoting sedimentation along the European 
coasts, has not acted such a part here. In 1931 and 1932 the species 
was planted a.o. on three places along the Ho Bugt (JorcENsEN, 1934). 
According to IvERSEN (verbal communication) in 1940 it has been 
disseminated on Skallingen too, but up to now it has not much 
superseded the original vegetation. Probably the sandy character of 
the mud flats and the rather cold climate in comparison with S.- 
England, France and the Netherlands does not promote its extension. 


3. ‘THE VEGETATION 


Describing the vegetation of the ungrazed strip a distinction has been 
made between the former outer and inner marshes. Transitions between 
those habitats are left out of consideration. The floristic composition 
and structure of the vegetation has been analysed with the method of 
Braun-BLangueT (1951). The sample plot analyses (BEcKING, 1957) 
— Fr.: relevés, Ge.: Aufnahmen — have been assembled in the 
Tables I and II. In order to ensure as objective a survey as possible 
most analyses have been taken in transects perpendicular to the contour 
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lines in the landscape. From low to high the transects consist of the 
following sample plot analyses: 


Outer marshes Inner marshes 
56022—56023—56024—56025 56057—56058—56059—56060—56061 
56027—56028—56029 56063—56064—56065—56066—56067—56068 
56030-5603 1—56032—56033 56069—56070—5607 1—56072—56073 
56034—56035 56075—56076—56078—56079—56080 
56037—56038—56039 56082-56081 

56045-56044 56084—56085 

56046—56047—56048 56086—56087 


56055-56054 


3.1 The outer salt marshes 


On the mud flats along the Wadden Sea Zostera nana grows locally 
(Zosteretum nanae HARMSEN 1936). The mud flats are mostly bare, but 
Spartina townsendii establishes itself gradually. Near the closed vegetation 
of the higher marshes the flats are overgrown with a vegetation almost 
entirely consisting of Salicornia europaea scattered with clumps of 
Spartina townsendii (Salicornietum europaeae (WARMING 1906) HocQuETTE 
1927, see Table I). The abundance of the Salicornia-individuals was not 
large, but it increased on the higher parts being the largest in the 
transition to the next association, Puccinellietum maritimae (WARMING 
1890) Braun-BLangueT et De Leeuw 1936. However, vitality 
decreased in this association. 

As a result of the sod-forming properties of Puccinellia maritima the 
transition from Salicornietum europaeae to Puccinellietum maritimae is rather 
distinct. The latter association appears at first in an initial phase, 
which may be distinguished from the optimal one by a more open 
turf (cover 20-40 % in contrast with 40-80 % in the optimal phase) 
and the lower frequency of individuals of Halimione portulacoides with 
reduced vitality. Moreover, Spartina townsendui occurs only in the initial 
phase up to now. The initial phase is found mainly along the mud 
flats, the optimal one in the basins between the banks of the tidal 
creeks. Although the abundance of Salicornia europaea in this association 
is rather large, vitality is evidently reduced. According to the analyses 
Aster tripolium is strictly confined to the Puccinellretum maritimae (compare 
also Table II). Therefore it might be considered as a local faithful 
species of the association. 

The next association, Halimionetum portulacoidis (CHApMAN 1934) 
Drs ABBAYES et CoRILLION 1949, finds its habitat on the slopes of the 
banks, in the highly silted basins and, fragmentary, along the insides 
of the banks on the creek walls. It often includes Limonium vulgare in 
large quantities and, when it is not highly developed, Plantago marituma 
var. dentata Bl. et Fing. In the upper part Artemisia maritima appears 
locally, sometimes in large quantities (analyse 56051), perhaps due 
to favourable circumstances influencing the competition between 
Artemisia maritima on the one side and Halimione portulacoides and Festuca 
rubra on the other side. Other species such as Aster tripolium, Triglochin 
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maritimum, Suaeda maritima and Spergularia marginata are very sparse or 
entirely lacking. 

On the banks a Festuca rubra sward is found with scattered individuals 
of Artemisia maritima, Halimione portulacoides, Limonium vulgare and 
Plantago maritima. Of the latter both the var. dentata and the typical 
form occur. This vegetation belongs to the Artemiszetum maritimae 
(HocgurttTE 1927) BrauN-BLAnguet et De LEEuw 1936 em. WEEVERS 
1940. 

The synsystematics of the Artemistetum maritimae offer interesting 
problems. CHRISTIANSEN (1927) has described the association without 
giving it a name; VAN LANGENDONCK (1931, 1933) distinguished the 
“association a Artemisia maritima et Statice Limonium” ; BRAUN-BLANQUET 
and Dr Leeuw (1936) and afterwards TUxEN (1937) the “Artemisia 
maritima-Obione portulacoides Assoziation (Artemisietum maritimae)’’ with 
Artemisia maritima, Obione portulacoides, Parapholis strigosa and Limonium 
vulgare as supposed faithful species; VLIEGER and ApRIANI (1938), 
ApriAnt (1945) and WesrHorr (1947) reduced the faithful species 
to three, viz. Artemisia, Halimione and Limonium. ‘The first who broke 
with this view was WEEvERS (1940), considering Halimione and 
Limonium faithful species of the Puccinellietum maritimae. Afterwards, 
TUxEN (1957) goes in this direction, however considering Halzmione 
a species characteristic for the order Juncetalia maritim. ‘The author 
sides with WEEvERs taking only Artemisia as faithful species of the 
association. 

Essentially the cause of this misunderstanding may be the poor 
development of the Artemisietum maritimae in the Wadden Sea area. 
This poor development is due (1) to the chiefly very sandy character 
of the soil and (2) on those localities where more fine material was 
deposited, to the absence of tidal creeks with banks, usually offering 
well-aerated soil conditions and a slightly clayish character of the soil. 
If the association occurs it has often a floristic composition related to 
the Armerion maritimae (CHRISTIANSEN, 1927; BRAUN-BLANQUET and 
De Leeuw, 1936; Ttxen, 1937; Westuorr, 1947; Ttxen, 1957). 
However, Skallingen shows that in the Wadden Sea area the associa- 
tion can develop completely under favourable sedimentation conditions 
and along well-evolved tidal creeks. On that marsh it resembles the 
corresponding phytocenoses in the $.W.-Netherlands to a high degree: 
it lacks elements of the Armerion maritimae and therefore it belongs to 
the alliance Puccinellion maritimae. 

Table I shows the ecological amplitudes of the three above mentioned 
species in the series of the outer salt marshes. Limonium vulgare has its 
optimum in the transition of Puccinellietum maritimae to Halimionetum 
portulacidis and in the lower parts of the latter. The character of its 
amplitude — the height and range of a constructed bell-shaped curve 
along the environmental gradients — accounts for its position of 
faithful species of the alliance Puccinellion maritimae. (Compare also 
table II). Under well-aerated soil conditions mainly involved in the 
development of banks along tidal creeks Halimione portulacoides forms 
a zone above the Puccinellietum maritimae and below the Festuca rubra- 
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sward. According to its high optimum in comparison with the range 
of its amplitude it seems better to segregate the Halimionetum portula- 
coidis like English and French authors do (CHAPMAN, 1934; ‘TANSLEY 
1939, 1949; Des Appayes and CoriLiton, 1949; CorILLon, 1953). 
According to these references and the present data of Skallingen the 
Halimionetum has a wide distribution occurring from Denmark south- 
wards perhaps to the coast of Spain and, fragmentary (?), to Portugal 
(Fontes, 1945). Finally, the optimum of Artemisia maritima is found in 
the Festuca rubra-sward on the banks along the tidal creeks and, 
locally, in the upper part of the Halimionetum portulacoidis. ‘The range 
of its amplitude is very small. Therefore it seems better to consider 
only that species as faithful to the Artemisietum maritimae following the 
above discussed view of WEEvERs (1940). Local occurrence of Artemisia 
maritima in the upper part of the Halimionetum may then lead to 
distinction of a terminal phase with Artemisia in this association. Like- 
wise in the Artemisietum maritimae an initial phase with co-dominance 
of Halimione may be distinguished. 

Besides the Artemisietum maritimae a vegetation with Agropyron litorale 
(Host.) Dum. 1823 (= Agropyron pycnanthum (Godr.) Gren. et Godr. 
1855/56 = Elytrigia litoralis (Dum.) Hyl. 1945) as dominant species 
may be found on the banks (leg. W. G. Beeftink, Herb. Hydrobiol. 
Inst. afd. Delta-onderzoek nr 244). According to HANsEN (1945, 1958), 
discussing its systematics and distribution along the German North 
Sea coast, the most northern record was from the isle of Fang. During 
the present investigation of Skallingen one well-developed phytocenose 
has been found in which this species is dominant (analyse 56041, 
Table I). On another bank a few individuals of the species have been 
discovered occurring in the Artemisietum maritimae. ‘This phytocenose, 
which here may be considered provisionally as a sociation with 
Agropyron litorale of the alliance Puccinellion maritimae occurring south- 
wards to the west coast of France, is also an important indicator of the 
abiotic environmental processes at work on the peninsula. In section 
4 the interpretation of this phenomenon will be discussed. 


Concerning the classification of the associations into higher floristic- 
ally defined vegetation units the author agrees with the view of TUXEN 
(1937, 1952) who separates the Salicornia-associations from the proper 
salt marsh vegetations. Therefore the distinction of the alliances Thero- 
Salicornion BRAUN-BLANQUET 1930 and Puccinellion maritimae (CHRIS- 
TIANSEN 1927 p.p.) TUxEN 1937 is preferred to the Puccinellio-Salicornion 
BRAUN-BLANQUET et DE Leeuw 1936. However, the assertion of BRAUN- 
Bianguet and TUxEN (1952, p. 973) that these alliances can be sepa- 
rated completely according to ecological factors except the salt factor, 
cannot be accepted. Typical differences in floristic composition should 
be considered here and other criteria than the fidelity of species ought 


to be involved. 


3.2. The inner salt marshes 
The lower places of the inner marshes do either not bear any vegeta- 
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tion of Phanerogams or they are covered with scattered individuals of 
Salicornia europaea, perhaps presenting another form than those of the 
outer marshes (compare Konic, 1939 and CurisTIANsEN, 1955). ‘The 
adjacent Puccinellietum maritimae, here too, may be divided into two 
phases (Table II): the lower one linking with the Salzcornietum europeae 
and rich in the therophytes Swaeda maritima and Salicornia europaea, the 
higher phase with optimal development of Limonium vulgare and 
Plantago maritima (the typical form and the var. dentata Bl. et Fing.). 
Therefore the character of the phytocenoses differs from that of the 
Puccinellietum maritimae of the outer marshes. Moreover, Spergularia 
marginata has a greater presence and Aster tripolium a greater cover in 
the first mentioned habitat. On the other hand Halimione portulacotdes 
occurs with a smaller cover and, generally, it has a rather more reduced 
vitality. Finally, physiognomically the association of the inner marshes 
stands out owing to the reddish colour of Puccinellia maritima. All those 
differences and also the occurrence of Festuca rubra and Glaux maritima 
in the high parts of the inner salt marsh association are connected with 
diversities in soil conditions, particularly the granular composition 
related to water and salt properties. 

The Puccinellietum maritimae extends up to the foot of the sandhills. 
The frequently steep slopes of these hills are covered with a dense 
turf of Festuca rubra sometimes preceeded by a zone — up to about 
25 cm — where Juncus gerard: is dominant or co-dominant. This 
narrow jJuncus-strip of which no analyses has been made, is only found 
where stagnating water can occur in the Salicornia and Puccinellia 
vegetation. The rainspell combined with a storm flood of the preceding 
days showed this relation very clearly. 

In the Festuca vegetation Armeria maritima is found very sparsely 
and in the upper zone only. In the whole country of Denmark the 
species has been observed on higher localities, mostly in and above 
the storm flood zone. Moreover, in the interior of Jutland it grows 
rather frequently in habitats, such as sandy areas with heath vegetation 
(IveRsEN, 1936). This phenomenon is one of the arguments why the 
name of Armerieto-Festucetum BRAUN-BLANQUET et DE LEEUW 1936 does 
not suit this most important association of the spring-tide zone. 
Westhoff also pointed to the necessity of re-interpretation of the 
alliance Armerion maritimae (WESTHOFF and VAN LEEUWEN, 1958). 
Therefore it seems preferable to use the older name of Juncetum gerardi 
(Warmine 1906), ‘Téxen 1957. On Skallingen the association shows 
an affinity to the Junceto-Caricetum extensae BRAUN-BLANQUET et 
Dr LEEuw 1936 because of the presence of Carex extensa. 

In the above mentioned Festuca vegetation, in the following Saginetum 
maritimae and in the Artemisietum maritimae of the outer marshes Festuca 
rubra (leg. W. G. Beeftink, Herb. Hydrobiol. Inst. afd. Delta-onderzoek 
nr 226) conforms to the description of f. litoralis given by HackEL 
(1882, p. 139) and Weper (1892, p. 212). Although concise the 
description of Hackel') is clear, consequently the author’s name of 


*) Hacker (1882, p. 139): forma litoralis humilis, valde repens, panicula brevi 
(2-4 cm lg.) compacta. 
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C. A. Weber given by WEstHorr (1947, manuscript) and TUxeEn 
(1957), ought to be replaced by Hackel. According to Ir R. Duyven- 
DAK (verbal communication) who studied the systematics of Festuca 
species, Festuca rubra f. litoralis Hack. 1882 clearly differs from var. 
genuina Hack. subvar. vulgaris (Gaud.) Hack. and subvar. arenaria (Osb.) 
Hack. Therefore it is justified to maintain the distinction which has 
been drawn by Hackel and Weber. 

Finally the open vegetation at the top of the sandhills belongs to the 
Saginetum maritimae WerstTHOFF 1947. From the three faithful species, 
Sagina maritima, Plantago maritima var. leptophylla M. et K. and Pottia 
hemi, only the first two were observed. However, according to 
Roose (1938), Pottia heimi does occur in this association on Skallingen. 
Probably its occurrence in the analysed vegetations was prevented 
by high winds blowing away the sand. In the Saginetum maritimae a 
very outstanding form of Agrostis stolonifera was observed (leg. W. G. 
Beeftink, Herb. Hydrobiol. Inst. afd. Delta-onderzoek nr 245). Its 
stiff shoots and leaves are erect. The plants form little tufts of charac- 
teristic withered appearence. The most striking feature however, is 
the missing of rhizomes and stolons. It is not sure whether the form has 
a genetic status. Perhaps the, above mentioned, high winds, blowing 
away the dry sand, may have been instrumental in creating this 
modification. Probably this form is not found in the Netherlands up 
to now. IvERsEN (1936) has described it under the name A. stolonifera 
var. stricta. It is doubtful whether this name can be maintained for it 
was often used previously in the systematic literature on Agrostis 
stolonifera. 


4. DYNAMICS OF THE VEGETATION IN CONNECTION WITH ENVIRONMENTAL 
DEVELOPMENT 


The thorough investigation of Skallingens salt marsh vegetation by 
IversEN (1936) in 1931-34, his comparison of the vegetation at this 
time with that of 20 years later (IveRsEN, 1952/53), together with the 
author’s investigations, offer a good base for some conclusions about 
its dynamics in relation to environmental changes in this century and 
for a prognosis about its future development. However, it is necessary 
to make restrictions: The investigations of Iversen refer to the vegeta- 
tion of the whole peninsula and those of the present author only to a 
part of it. Moreover, the investigation methods of Iversen and the 
present author are different. Therefore it seems indicated to simplify 
the data so that a rough classification into three groups of combined 
cover degree-abundance (Brckinc, 1957) — Fr.: dominance-abun- 
dance, Ge.: Dominanz-Abundanz — may be made. The author’s 
classification is as follows: 

(1) combined cover degree-abundance -- and 1, the latter only when 

presence is evidently smaller than 100 % (dotted lines in Table III) ; 
(2) combined cover degree-abundance 1 and 2 (drawn lines) and 
(3) combined cover degree-abundance 3, 4 and 5 (cross-striped lines). 
Likewise the data of IveRsEN (1936, 1952/53) from the years 1931-34 
are fitted in these groups by estimation as best as possible. 
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The changes in the abiotic environment discussed in the second 
section induce the vegetation to react: (1) with extension or shrinking 
of the potential ecological amplitudes of taxa directly consequent on 
changes of abiotic habitat factors in favourable resp. unfavourable 
sense; (2) with disturbing the equilibrium in the mutual influences 
of individual organisms and taxa due to changes in competition power 
in consequence of (1) and resulting in shifting the actual ecological 
amplitudes. Without experiments these two aspects cannot be dis- 
tinguished in vegetational changes and therefore we are now only 
able to make some suppositions. 

In Table III the most important halophytes have been assembled 
with their actual ecological amplitudes and optima in 1931—’34 (the 
upper lines) and in 1956 (the lower lines). The most striking feature 
is the invasion of Halimione portulacoides. According to GABRIELSEN and 
IveRsEN (1933) in 1909, when Raunkiaer studied the vegetation of 
Skallingen, this species was not observed. In 1931 a few specimens 
were discovered and in the following years the number greatly 
increased (GABRIELSEN and IversEN, 1933). Nowadays Halimione is 
very abundant, especially in a zone between Puccinellia maritima and 
Festuca rubra. According to Hutrén (1950) it reaches its northern limit 
on Skallingen and consequently it might be supposed that its area had 
extended in the last decennia as a consequence of climatic factors. 
Yet the author is inclined to attribute its extension on the outer 
marshes mainly to favourable conditions of sedimentation. ‘The study 
of salt marsh vegetation in the S.W.-Netherlands indicated that H. 
portulacoides prefers well-aerated silty banks along tidal creeks. In the 
Wadden Sea from the Netherlands till Denmark these banks are 
generally rare and so the species is but sparsely presented there. Once 
established it is able to endure accumulation of sand very well (CHAP- 
MAN, 1934 and the author’s experience). Its extension in the inner 
marshes might be connected with sedimentation also, but probably 
the actual presence of an important centre of diaspores in the outer 
marshes preponderates here while sedimentation of silt is insignificant. 

Halimione pedunculata — another “‘halophyte pur sang’ — has its 
optimal development in the salt steppes of Central Europe, especially 
those of Germany (WesTHorF, 1947 manuscript; WENDELBERGER, 
1950). The western and northern limit of its geographical area is 
reached on the Atlantic and Baltic coasts. On Skallingen it had its 
optimum in the Puccinellietum maritimae, while it also regularly occurred 
in the Artemisietum maritimae, Funcetum gerardi, JFunceto-Caricetum extensae 
and Saginetum maritimae but with very little frequency (IvERsEN, 1936 
p. 187-193). Its coastal occurrence depends on the presence of an open 
vegetation which is often connected with a sandy substratum. It is 
not sure which factor preponderates but according to WESTHOFF 
(1947, manuscript) it may be the first one. Sedimentation of silt 
promotes a dense growth of Puccinellia maritima, especially when there 
is no intensive grazing. This phenomenon combined with the increased 
competition power of H. portulacoides may have caused the disappear- 
ance of H. pedunculata in the investigated strip. 
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Next to H. portulacoides Limonium vulgare has spread very much. Its 
favourable reaction on sedimentation of silt seems evident on the outer 
marshes but does not give a sufficient explanation of the extension on 
the inner marshes. The creation of a centre of diaspores on the first 
ones may be a factor but its effect is perhaps not as marked as in the 
case of H. portulacoides owing to the fact that the initial population of 
1931-34 was only slightly smaller than the present one. ‘The competi- 
tion power of Limonium vulgare is large, for it was able to extend having 
an optimum which strongly coincides with that of H. portulacoides. 
However, the analyses 56053 and 56055 ought to be considered as 
transitions in time and not geographically, starting from a terminal 
phase with Limonium and Plantago of the Puccinelietum maritimae to the 
Halimionetum portulacoidis. The third species which prefers silty soils is 
Artemisia maritima but only to a certain extend as will be pointed out 
further on. 

The extension of Halimione portulacoides and Limonium vulgare may 
result in a shrinking of the ecological amplitude of Puccinellia maritima, 
Aster tripolium, Suaeda maritima, Spergularia marginata and Plantago 
maritima on the outer marshes and of Aster tripolium, Spergularia marginata 
and Triglochin maritimum on the inner marshes. Except for Plantago 
maritima probably the changed soil texture conditions are not im- 
portant, for these species seem to be fairly indifferent in this respect 
(for Aster compare CLAPHAM, PEARSALL and RicHarpbs, LOS 7a Dine 
large frequency of Triglochin maritimum in 193134 on the inner 
marshes compared with that on the outer marshes points to local 
stagnant water in the first mentioned marshes, a phenomenon already 
indicated in section 3.2 in connection with Juncus gerard. Therefore 
it is possible that the ecological amplitude of Triglochin on the inner 
marshes was more influenced by those soil water conditions than by 
the increased competition power of Halimione and Limonium. Likewise 
the extension of Triglochin on the outer marshes may be explained by 
the larger water content of the soil, a result of the more clayey charac- 
ter. Compared with the situation in 1931~34 Salicornia europaea has 
extended on somewhat higher levels. This phenomenon, too, may be 
connected with progressive sedimentation during the last decennia, 
the result of this proces being a changed granular composition of the 
upper soil layers promoting a slightly higher salt content of the soil- 
liquid, owing to reduced leeching of salts in the, now heavier, soils. 

In 1931-’34 the Artemisietum maritimae showed a floristic composition 
related to the Armerion maritimae on account of the occurrence of Glaux 
maritima, Juncus gerardi and Armeria maritima, which last three species 
are absent today in the investigated part of the outer marshes. At 
present, on isolated localities, Agropyron litorale is superseding the 
‘Artemisietum maritimae. In the S.W.-Netherlands the author encountered 
Agropyron litorale ousting the Artemisietum maritimae on localities, where 
the banks were silted up with much fine material. These floristic 
changes may therefore be regarded as results of the heavier character 
of the soils along the banks of the tidal creeks, as described earlier. 

On the outer marshes the following synecological trends may be 


470 W. G. BEEFTINK 


considered as a reaction on environmental development: (1) A tran- 
sition of the final phase of the Puccinellietum maritimae with Limonium 
and Plantago as co-dominants into the Halimionetum portulacoidis. (2) A 
more optimal development of the Artemisietum maritimae on account of 
the disappearance of elements of the Armerion maritimae. (3) At a few 
localities the establishing of a sociation with Agropyron litorale from the 
Artemisietum maritimae. 

On the outer marshes sedimentation of silt has already made great 
progress. Owing to the relatively high position of the marshes related 
to MHW-level only high floods mostly combined with storms are able 
to cover the marshes. The feature of these floods is a mostly very 
turbulent condition of the water. Therefore the proportion between 
sand and silt of the material deposited will shift in favour of the sand 
fraction the higher the marshes have been built up, for silt is only able 
to settle in relatively calm water. For this reason it is to be expected 
that on the outer marshes of Skallingen in the future the material 
deposited will increase its sandier character once more in some degree. 
The expansion of Agropyron litorale, depending to a great extend on a 
relatively high silt content of the banks, will therefore probably remain 
confined to a few banks unless the existence of centres of diaspores 
enables the species to conquer the banks in spite of the Artemistetum 
maritimae. ‘The latter progress, however, depends on the granular 
composition of the bank soils which was not studied. Finally, we may 
expect the Halimionetum portulacoidis to develop still further especially 
at the cost of the Puccinellietum maritimae, at present in the basins 
growing in its optimal phase. 

On the inner marshes the modification of the floristic composition 
of the associations is less spectacular than on the outer marshes. 
Possibly only the increase of Limonium vulgare and the decrease of Aster 
tripolium will necessitate a change in the denomination of the highest 
situated phase of the Puccinellietum maritimae. Owing to the limited 
extend of these changes it is not to be expected that the vegetation 
of the inner marshes will change much in the future. 


SUMMARY 


During the excursion of the International Society for Plant Geography and Ecol- 
ogy in 1956 the author was in a position to stay some days at Skalling-Laboratory 
to study the salt marsh vegetation of the Peninsula (Fig. 1). In the past 25 years silt 
has been deposited mainly on a strip along the Wadden Sea coast, the so-called outer 
marshes. ‘These sedimentation conditions have created a bank-and-basin-landscape 
(Fig. 2). The inner marshes have been modificated only slightly in this respect. 

_ The vegetation of an ungrazed strip overlapping both outer and inner salt marshes 
is described in detail. On the outer marshes the following communities are dis- 
tinguished: osteretum nanae (fragmentary), Salicornietum europaeae, Puccinellietum 
maritimae divided into an initial and an optimal phase, Halimionetum portulacoidis, 
Artemisietum maritimae and very scarcely, a sociation with Agropyron litorale, a species 
which is new for Skallingen. The different views about synsystematic limitation of 
the Artemisietum maritimae are discussed in detail; the author agrees with the view 
of WEEveRs (1940). From the inner marshes are described: Salicornietum europaeae, 
Puccinellietum maritimae divided into a phase rich in therophytes and a phase with 
Limonium vulgare and Plantago maritima, Juncetum gerardi and Saginetum maritimae. 
The taxonomy of the forms of Festuca rubra and Agrostis stolonifera occurring on these 
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marshes is discussed briefly. Arguments for a change of the association’s name from 
Armerieto-Festucetum to the older name of Juncetum gerardi are tentatively proposed. 
A separation of the Puccinellio-Salicornion into the alliances Thero-Salicornion and 
Puccinellion maritimae is preferred and discussed briefly. 

The vegetation was found to react to changes in the environment with the 
establishment and extension of Halimione portulacoides and the extension of Limonium 
vulgare and Artemisia maritima. Halimione pedunculata disappeared as well as Glaux 
maritima, Juncus gerardi and Armeria maritima in the Artemisietum maritimae. On the 
outer marshes species decreasing their ecologic amplitude and partly their cover 
are Puccinellia maritima, Aster tripolium, Suaeda maritima, Spergularia marginata and 
Plantago maritima. Contrary to the above mentioned species Salicornia europaea and 
Triglochin maritimum have extended on the outer marshes in consequence of progres- 
sive sedimentation resp. changed soil water conditions. 

Finally synecological trends have been discussed. The most important ones are 
the development of the Halimionetum portulacoidis and the establishment of a sociation 
with Agropyron litorale on the outer salt marshes. It is expected that these trends will 
proceed on a limited scale in the future. 
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NOMENCLATURAL NOTES ON THE GENERA 
DALZELLIA, LAWIA, MNIANTHUS, AND 
TERNIOLA (PoposTEMACEAE) 


P. VAN ROYEN 
(Raksherbarium, Leiden) 


(recetved March 19th, 1959) 


In 1846 GaRDNER described Tristicha zeylanica based on material 
collected in Ceylon. TuLAsNnE, however, in 1849, in his precursor to a 
monograph of the Podostemaceae, transferred this species to his new genus 
Lawia, adding, moreover, L. pulchella and L. longipes. 

In 1852, TuLAsNne, apparently having discovered that his Lawza was 
antedated by Lawia Wight of 1847, transferred the three species to 
Terniola. Wight’s Lawia later turned out to be a later synonym of the 
rubiaceous Adenosachme. 

In the same year, January 1852, Wicut placed the species of Lawza 
known to him — in this case L. zeylanica (Gardner) Tul. only — in his 
new genus Dalzellia, adding D. foliosa Wight, D. law Wight, D. 
pedunculosa Wight and D. ramosissima Wight. 

Also in the year 1852 Wa.pers placed Tulasne’s three species of 
Lawia in Mnianthus as M. zeylanicus (Gardner) Walpers, M. pulchellus 
(Tul.) Walpers and M. longipes (Tul.) Walpers. It is evident from 
Walpers text that he did not yet know Tulasne’s paper of 1852 or 
that this paper was not yet published at the time of publication of 
Walpers’ book. As far as can be traced Walpers Annales must have 
been published before April the 8th, 1852, since in the Oesterreichische 
Botanische Wochenblatt, 2nd year, Nr 14, on page 118, is referred to 
Walpers’ book as being recently published. 

In an attempt to establish the priority of any of the three homotypic 
synonyms over the other I tried to find the date of publication of 
Tulasne’s paper of 1852. The National Library of France nor the 
Museum of Natural History in Paris were able to give me the exact 
date of publication however. Therefore, since one of the three dates 
of publications of 1852 is unknown one is left free to make a choice in 
regarding one of the names as a valid one, provided earlier authors 
did not make this choice before. 

For that we have to turn to WEDDELL’s paper of 1873 and War- 
MING’s paper of 1901. 

WEDDELL in 1873 unites Terniola Tulasne, Dalzellia Wight and 
Mnianthus Walpers to one genus for which he chooses the name 
Terniola. Seven species are included, viz T. foliosa (Wight) Wedd., 
T. lawit (Wight) Wedd., T. longipes (Tul.) Tul., T. pedunculosa (Wight) 
Wedd., T. pulchella (Tul.) Tul., 7. ramosissuma (Wight) Wedd., and 
T. zeylanica (Gardner) Tul. 
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With this choice it is well established that the generic name Terniola 
Tulasne should be used to include the species of the genera Dalzellia, 
Lawia, Mnianthus and Terntola. 

As regards to the type species of Terniola we can find in WARMING’S 
paper of 1901 a reference to this. Here he indicates Lawia zeylanica as 
the type species of Lawia, but on the other hand he indicates Terniola 
foliosa as the type species of Terniola. To this can be remarked that the 
last typification is not a correct one since under the present-day rules 
of nomenclature a type species can only be indicated from among 
the species originally described in that genus. In this case Ternola 
foliosa is inserted in Terniola by Weddell in 1873 based on Daizellia 
“foliosa Wight and the original Terniola of Tulasne did not include 
T. foliosa at all. ; 

Actually nomenclatorally it is not important which species Warming 
indicated as being the type species of Lawia and Terniola, since a later 
study of Wiis showed that both species (Lawza zeylanica and Terniola 
foliosa) are conspecific and as Lawia zeylanica is based on Tristicha 
zeylanica of 1846 and Terniola foliosa is based on Dailzellia foliosa of 1852 
the specific epithet zeylanica is the one to be used. Therefore we have 
to regard Terniola zeylanica (Gardner) Tulasne as the type species of 
the genus Terniola. 

Weddell’s conception of Terniola is, however, too large and we have 
to exclude T. ramosissima (Wight) Weddell. This species consists of 
long, creeping roots from which arise long, slender, often branched shoots 
with linear, scattered. leaves, while all the other species of Ternzola 
(now representing only onesshighly variable species) have lichen-like 
expanded roots from which very short shoots arise with the leaves 
densely conferted at the tip of the shoots. As no generic name is 
available to be applied to a genus including this species the new name 
Indotristicha is used, referring to the form of the plant which resembles 
atrue Tristicha species, but differing from that genus by the three stamens 
and the cupular-like organ which is formed by connate leaves at the 
base of the pedicel. Moreover the genus T7istichais restricted to America 
and Africa and as this new genus is found in India this explains the 
use of the first part of the new generic name. 

Concluding this paper the synonymy and literature of the two 
remaining genera are given. 


1. Indotristicha van Royen, novum genus* — Daizellia Wight, 
Icon. Pl. Ind. Or. 5, 1852, 34-35, p.p.; Warming, Fam. Pod. 6, 1901, 
61; Engler, E.P. Nat. Pfl. Fam., ed. 2;-18a,:1930, 32-33, f..16 A; 24 — 
Ternola 'Tulasne, Weddell, DC Prodr. 17, 1873, 46-47, p.p.; Bentham 


*) Herba rhizomate repente caulibus filiformibus elongatis ramosissimis. Folia 
alterna, angustissime linearia, in ramulis floriferis fasciculus subulata basi breviter 
connata. Flos terminalis. Tepala 3, fere ad usque medium connata. Stamina 3, 
filamentis filiformibus, antheris 2-loculatis. Ovarium superius, 3-carpellare, 3- 
loculare, 9-nervatum. Stigmata 3, linearia, libera. Capsula septicide trivalvis. 
Semina numerosa. 

Typus I. ramosissima (Wight) van Royen (basion.: Dalzellia ramosissima Wight). 
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se Doaker, Gens Pl. 3, 1880; 108, pip.; Hooker, Fl, Br: Ind. 5, 1890, 
63, p.p. — Tulasnea Wight, l.c., t. 1920, 1 — Lawra Tulasne, Warming, 
Eebe Natori am, eds 1453, 2a, 1890, 18, p.p. 
Type species. I. ramosissima (Wight) van Royen. 
Distribution. India. 


I. ramosissima (Wight) van Royen, comb. nov. — Dalzellia 
ramosissima Wight, l.c., 1852, 35; Warming, lc., 1901, 61; Engler, 
lc., 1930, 33, f. 16A, 24, as D. ramosissima (Wight) Warming — 
Terniola ramosissima (Wight) Weddell, l.c., 1873, 47; Hooker, lL.c., 
1890, 63 — Tulasnea ramosissima Wight, l.c., 1852, t. 1920, 1 — Lawia 
ramosissima (Wight) Warming, l.c., 1890, 18 — Tristicha ramosissima 
(Wight) Willis, Ann. Roy. Bot. Gard. Peradeniya 1, 3, 1902, 208-209 
and 1, 4, 1902, 293-306, plates 5-9, 38. 

Type specimen. Johnson s.n. in K. 

Distribution. India. 


9. Terniola Tulasne, Archives Mus. hist. nat. Paris 6, 1852, 189- 
194, t. 13; Weddell, DC Prodr. 17, 1873, 46-47, p.p.; Bentham & 
Hooker, Gen. Pl. 3, 1880, 108, p.p.; Hooker, Fl) Bre indy 5541690) 
62-63 — Lawia Tulasne (non Wight = Adenosachme, Rubiaceae), Ann. 
Sc. nat., sér. 3, 11, 1849, 112; Warming, Fam. Pod. 4, 1891, 159-166, 
177-178, f. 27-30; Trimen, Fl. Ceylon 3, 1895, 416; Warming, Fam. 
Pod. 6, 1901, 61; Willis, Ann. Roy. Bot. Gard. Peradeniya 1, 3, 1902, 
209-216 and 1, 4, 1902, 307-325, plates 9-13; Engler, EP) Nat: Pal 
Font ved: 2,188) 1930, 324, f. 26. Mnianthus Walpers, Ann. Bot. 
Syst. 3, 1852, 443 — Tristicha Gardner, Calc. Journ. of Nat. Hist. 7, 
1846, 177 — Dalzellia Wight, Ic. Pl. Ind. Or.5, 1852) 34=35,.p.p..—= 
Tulasnea Wight, Ic. Pl. Ind. Or. 5, 12521919 os ore. 

Type species. T. zeylanica (Gardner) Tul. 

Distribution. One species in Ceylon and india. 


T. zeylanica (Gardner) Tulasne, I.c., 1852, 190-192, t. 13, Bade 
Weddell, l.c., 1873, 46; Hooker, lc., 1890, 62; Trimen, Syst. Cat. 
Ceylon Pl., 1885, 73 — Tristicha (c)zeylanica Gardner, l.c., 1846, 177 — 
Lawia zeylanica (Gardner) Tulasne, lc., 1849, 112; Warming, E.P. 
Nat. Pf. Fam., ed. 1, 3, 2a, 1890, 18, p.p.; Warming, Lc., 1891, 
177-178, f. 27-30; Trimen, FI. Geyle 3, 1895, 410; Warming, l.c., 
1901, 61; Willis, l.c., 1902, 913-216, 307-325, pl. 9-13; Engler, l.c., 
1930, 34, f. 21 — Dalzellia zeylanica (Gardner) Wight, l.c., 18525555 
Thwaites, Enum. Pl. Ceyl., 1860, 223 — Tulasnea zeylanica (Gardner) 
Wicht, |2..3052, t.1919; f= Mnianthus zeylanicus (Gardner) Walpers, 
lic., 1852, 443 — Terniola foliosa (Wight) Weddell, lice AS7a.rs 
Goebel, Pfl. biol. Schild. 1, 1889, 166-170; Warming, l.c., 1901, 61; 
Engler, Lc l030) 34 —~ Dalzellia foliosa Wight, l.c., 1852, Le 
Tulasnea foliosa Wight, l.c., 1852, t. 1919, 2 — Lawia foliosa (Wight) 
Warming, l.c., 1891, 159-16], 176-177, f. 26 — Terniola lawii (Wight) 
Weddell, l.c., 1873, 47; Hooker, l.c., 1890, 63 — Dalzellia lawu Wight, 
lic., 1852, 35 — Tulasnea lawii Wight, l.c., 1852, t. 1919, 47 — Terniola 
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longipes (Tul.) Tul., l.c., 1852, 193-194, t. 13/1. 2; Weddell, l.c., 1873; 
Hooker, l.c., 1890, 63 — Lawia longipes Tul., 1849, 112 — Mnzianthus 
longipes (Tul.) Walpers, l.c., 1852, 443 — Terniola pedunculosa (Wight) 
Weddell, l.c., 1870, 47; Hooker, l.c., 1890, 63 — Dalzellia pedunculosa 
Wight, l.c., 1852, 35 — Tulasnea pedunculosa Wight, lac.; VB 52 LOLS: 
f. 4 — Terniola pulchella (Tul.) Tul., lic, 1852, 1925193; 1713; toes 
Weddell, l.c., 1873, 46-47; Hooker, l.c., 1890, 62 — Lawza pulchella 
Tul., l.c., 1849, 112 — Mnianthus pulchellus (Tul.) Walpers, l.c., 1852, 
443. 

Type specimen. Gardner s.n. in K. 

Distribution. India and Ceylon. 

Remarks. Willis in 1902 described a number of different forms 
of this species of which it is doubtful whether they are not only forms 
of an extremely variable species without deserving the status of a 
taxonomic form. The nomenclature of these forms, however, will not 
involve any change of the names given above, and therefore their 
names are not included here. Future research must reveal their true 
status. 
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A NEW SPECIES OF RHYNCHOLACIS 


(PODOSTEMACEAE) 


P. VAN ROYEN 
(Riksherbarium, Leiden) 


(received March 19th, 1959) 


In the Podostemaceous material collected by R. E. Schultes and his 
companions in 1952, one new species in the genus Rhyncholacis turned 
up, characterized by its small size. This species is described below: 


Rhyncholacis minima van Royen, n. sp. — fg. J. 


Herba minima, acaulis. Folia repetito-furcata, usque ad 2.5 cm 
longa; pinnae primariae usque ad 1 cm longae, laciniis ultimis 
oblongo-spathulatis, enervatis, obtusis vel subacutis. Flos solitarius, 
pedicello 1.1-2 cm longo. Tepala 5-7, linearia, acuta. Stamina 5-8; 
anthera obtusa. Ovarium ovoideo-ellipsoideum, 1.5-2.5 x c. | X 
c. 0.7 mm, costis medianis subalatis, costulis aliis indistinctis; styli 
oblongo-spathulati, c. 0.5 mm longi, basi triangularis in sectio trans- 
versi, paulo coherentes. Fructus ovario aequalis, sed costulis dis- 
tinctioribus. 

Small stemless herb up to 2 cm large. Leaves repeatedly forked, up 
to 2.5 cm long, petiole 4-7 by 0.5-1.5 mm, compressed, widened and 
sheath-like at base, nerveless, primary pinnae up to | cm long, 
ascending at an angle of c. 55°, ultimate divisions few, oblong- 


Fig. 1. Rhyncholacis minima van Royen; a: leaf; 6: flower; c: anther and part of 
filament; d: capsule. (From the type specimen) (L). 
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spatulate, 1-2 by c. 0.2 mm, obtuse or subacute, nerveless. Flowers 
solitary, pedicel 1.1-2 cm long, juvenile spathella unknown, mature 
one tubuliform, 4-6 mm long. Tepals 5-7, linear, c. 0.3 mm long, 
acute. Stamens 2-tipped, base of thecae rounded. Ovary ovoid- 
ellipsoid, 1.5-2.5 by c. 0.7 mm, obtuse or rounded at either end, 
midrib of each carpel only slightly winged, the two other ribs indistinct, 
styles oblong-spatulate, c. 0.5 mm long, rounded or retuse at apex, 
3-sided at base and slightly cohering. Capsule similar to ovary but 
the ribs more distinct and also the ribs in the margins of the two valves 
clearer developed. 

Type specimen. Schultes & Baker & Cabrera 18554 in L., dupl. 
in US. 

Distribution. Brazil, prov. Uaupés, Rio Kuduyari, tributary of 
Rio Uaupés, middle and lower course; .Raudal Itapimina, alt. c. 250, 
fl. and fr. Nov. 

Remarks. This species differs from all species in the genus Rhyncho- 
lacis by its size which is even smaller than that of R. oligandra Wedd. 
and R. nitelloides (Wedd.) van Royen. From both species R. minima 
moreover differs in the shorter and broader ultimate divisions of 
the leaves. 
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A SPECIES OF ANTIRHEA (RUBIACEAE) 
FROM SURINAME 


C. E. B. BREMEKAMP 
(Botanical Museum and Herbarium, Utrecht) 


(received March 20th, 1959) 


Antirhea surinamensis Brem. n. spec. ramulis novellis non 
resinosis, inflorescentiis multifloris, bis ramificatis, floribus 4-meris, 
ovariis paucilocularibus ad A. obtusifoliam Urb., A. cortaceam (Vahl) 
Urb., A. Shaferi Urb., A. occidentalen Urb., A. tenuifoliam Urb., A. 
panamensem Standl. accedens, sed a speciebus his omnibus ovario et 
capsula 3-loculari, pedunculis longioribus distinguenda, a speciebus 
his A. panamensi solum excepta insuper foliis acutissime exeuntibus, ab 
A. obtusifolia insuper foliis basi acutis, ab A. cortacea inflorescentiae 
ramulis brevioribus, ab A. occidentali et A. panamensi corolla extus 
pilosula diversa. 

Habitus nondum accurate notus, sed certe arborescens. Rami novelli 
glabri vel interdum sparse sed longius pilosi, non resinosi, mox 
cortice griseo-brunneo opaco, plicatulo et sparse lenticellato vestiti, 
circ. 1.5 mm diam., ex internodiis paucis compositi, internodio infimo 
4.5-8.0 cm longo, internodio secundo interdum usque ad 3 cm longo 
sed plerumque | cm haud superante, aliis 0.2-0.6 cm longis. Folia 
petiolata; petiolus canaliculatus appresse pilosus sed ad marginem 
hirtellus, 3-6 mm longus; lamina elliptica vel obovata, 4.5-10 cm 
longa et 2.0-4.7 cm lata, apice acuminata et acutissime exeuns, basi 
acuta, subcoriacea, utrimque opaca, siccitate non conspicue dis- 
colorata, supra glabra, subtus costa nervisque densius, inter nervos 
sparse pubescens, costa supra impressa, subtus prominente, nervis 
utroque latere costae plerumque 7 prominulis, reticulatione densa 
siccitate colore saturatiore distinguenda sed haud prominula. Stepulae 
ovato-triangulares, 5 mm longae, extus glabrae, margine tamen 
ciliolatae, mox deciduae. Inflorescentia pedunculo appresse piloso 4.5—7 
cm longo instructa; bis pseudo-dichotome ramificata, ramulis primarus 
4-5 mm longis, ramulis secundariis 10-15 mm longis, floribus usque 
ad 12 instructis. Bracteae ovato-acuminatae 0.5 mm longae. Flores 
sessiles, ebracteolati, 4-meri. Ovarium parce appresse pilosulum, 3- 
loculare. Calyx etiam parce appresse pilosulus tubo 0.2 mm, lobis 
ovato-triangularibus 0.3 mm longis. Corolla extus appresse pilosula, 
tubo 7-8 mm longo et 0.8 mm diam., intus glabro, lobis elliptico- 
orbicularibus 1.4 mm longis et 1.0 mm latis. Stamina filamento brevis- 
simo instructa; antherae dorsifixae fere 0.5 mm infra orem tubi 
inclusae, lineares, 2.6 mm longae. Granula pollinis 3-pora, distincte 
reticulata, 25 diam. Discus cylindricus 0.4 mm altus. Stylus glaber, 
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tubo aequilongus; stigma capitatum. Drupa glabra, 9 mm alta et 
4.5 mm diam., pyrena 3-lobata et 3-loculari. 

Habitat Guyanam Batavorum. 

Suriname: region of the Maratakka River, Helstone 237 U, type, 
O05 958; : 

This species shows no near affinity with A. guianensis Brem. (Kew 
Bull. 1952: 260) from British Guiana, the only other representative of 
this genus that is known so far from the South American continent, 
but it comes perhaps nearest to A. panamensis Standl., from which it 
differs in the slightly shorter petioles, the somewhat wider and larger 
leafblade, the longer peduncle, the outside pilosulous corolla and the 
3-celled ovary. A. panamensis belongs, like the other species mentioned 
in the diagnosis to a group with non-resinous branches, many-flowered 
inflorescences and ovaries with two or three cells, whereas A. guzanensis 
forms part of a group of species with resinous branches, few-flowered 
inflorescences and ovaries with at least four cells. The differences 
between these two groups are probably even more pronounced, for 
in the species of the first group of which flowers were available to me, 
the style proved to be as long as the corolla tube and to end in a 
capitate stigma, whereas in the species of the other group, it is less 
than half as long as the tube, and it goes out into linear stigmata. 
This means that the flowers of the second group are provided with 
the same pollination mechanism that I described-for Kohautia DC, the 
subgenus Eusipanea K. Sch. of Szpanea Aubl., Cladoceras Brem. and 
Posoquerta Aubl., but which occurs also in species of the nearly related 
genera Guettarda L and Laugeria Vahl (see my work on ‘‘the African 
~ species of Oldenlandia L sensu Hiern et K. Schumann” in Verh. Kon. 
Ned. Akad. v. Wetensch., Afd. Natuurk. 2nd Ser., Vol. 48, No. 4, 
1952, p. 27 and 28). There seems also to be a difference in pollen 
structure, for although they are everywhere globose and 3-porous, 
they are in the two species of the first group which I could study, viz. 
A. surinamensis and A. lucida (DC) Bth. et Hook. f., very distinctly 
reticulate, whereas in the two species of the second group from which 
they are known to me, viz. A. guianensis and A. acutata (DC) Urb. they 
are either smooth or minutely punctate. These features should, of 
course, be studied in a far larger number of species, but it is not 
improbable that such a study will lead to a splitting of the genus. 
However, before such a step can be taken, the Old-World species 
should be studied too. Of the latter no good material was available to 
me, and the only thing I can say at the moment is that the species 
from the Malay Archipelago differ from the American ones in the 
peculiar design of the leaves, which is the same as that seen e.g. in 
the genera Sommera Schlecht. and Pentagonia Bth., and which is usually 
referred to as moiré or watered striation. 

The branches of A. surinamensis show the sympodial structure which 
I have described years ago from Terminalia, Elaeocarpus and some 
Sapotaceae (De ‘Tropische Natuur 25: 9. 1936). They start with a long 
internode, which is followed by some rather short ones; then further 
elongation stops. Growth is resumed by one or two axillary branches 
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arising from the axil of one or two of the leaves belonging to the short 
internodes. Sympodial branches of this type are also met with in A. 
lucida and in A. obtusifolia, but it is certainly no general feature of the 
genus, not even of the first group. 


Acta Botanica Neerlandica 8 (1959) 482-483 


A NEW STAUROGYNE FROM THE TERRITORY 
OF PAPUA 


Cc. E. B. BREMEKAMP 
(Botanical Museum and Herbarium, Utrecht) 


(received March 20th, 1959) 


The new species described below belongs like S¢. leptocaulis Brem. 
(in Nova Guinea, new ser., 8: 129. 1957) to the subgenus Tetrastichum, 
which is characterized by the presence in each of the ovary cells of 
circ. 60 ovules arranged in four rows and by the lower flowers of the 
inflorescence being subtended by ordinary leaves. The new species is 
easily distinguishable from St. leptocaulis by its larger and relatively 
wider leaves and by its obovate-orbicular bracts. 

Staurogyne latibracteata Brem. n. spec. ad subgenus Tetrastichum 
pertinens, caule ascendente et antheris appendiculatis ad St. Neesit 
(Vidal) C. B. Clarke ex Merr., S#. rivularem Merr. et St. leptocaulem 
Brem. accedens, caule pilis capitatis vestito praesertim St. Neesi et 
St. leptocauli similor sed bracteis multo latioribus ab eis et a speciebus 
omnibus huius generis hactenus notis faciliter distinguenda. 

Herba e basi decumbente ascendens, 18-25 cm alta, parce ramosa, 
sine brachyblastis sterilibus. Caulis pilis pro parte capitatis satis dense 
vestitus, in parte decumbente-2 mm diam., in parte ascendente circ. 
1 mm diam., internodiis circ. 1.5 cm longis. Folia fere omnia opposita, 
sensim in petiolum subtus pubescentem usque ad | cm longum 
contracta; lamina lanceolato-oblonga vel oblanceolata, 4.5-8.0 cm 
longa et 1.8-2.5 cm lata, apice obtusa, basi cuneata vel contracta, 
discolor, sicc. supra olivacea, subtus griseo-viridis, primum supra 
sparse strigosa sed mox glabrescens, subtus primum pilis capitatis 
dense pubescens, deinde costa parce pubescente excepta etiam 
glabrescens, nervis utroque latere costae 5—7. Inflorescentia caulem 
terminans interdum inflorescentiis aliquibus ramos longiores termi- 
nantibus comitata, spiciformis. Folia flores inferiores suffulcientes 
gradatim magnitudine decrescentia, apice obtusissima; bracteae florum 
aliorum obovato-orbiculares, 5.5—9.0 mm longae et 4.0—-8.0 mm latae, 
mucronatae, pilis capitatis utrimque sed ad marginem densius 
pubescentes, utroque latere costae plerumque nervis 2 instructae. 
Bracteolae lineares, 5 mm longae et 1.2 mm latae, acutae, pilis 
capitatis densius pubescentes, l-nerviae. Calycis lobus posticus lineari- 
oblongus 7 mm longus et 2 mm latus, acutus, 3-nervius; lobi antici 
lineares 5 mm longi et 0.2 mm lati; lobi laterales filiformes 3.5 mm 
longi; omnes pilis capitatis pubescentes. Corolla dilute purpurea 
lineis purpureis striata 11 mm longa, extus glabra. Stamina thecis 
basi vix notabile appendiculatis instructa. Staminodium ecapitatum 
2 mm longum. Ovarium glabrum. Capsula glabra 5 mm longa. 


482 


A NEW STAUROGYNE FROM PAPUA 483 


Territory of Papua: Milne Bay District, near Guru village (North 
coast of Cape Vogel Peninsula), alt. 10 m, R. D. Hoogland 4740 
CANB, type, dupl. L, LAE. 

The affinity with S¢. Neesii (Vidal) C. B. Clarke ex Merr., St. 
rivularis Merr. and St. leptocaulis Brem. is doubtless more pronounced 
than that with the species occurring in the western part of the area. 
It manifests itself in the ascendent stem and in the appendiculate 
anthers. St. latzbracteata differs from these three species in the absence 
of brachyblasts in the axils of the leaves, the much greater width of 
the bracts and the broad posticus calyx lobe. 
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A KEY TO THE SPECIES OF HALOPHILA 
(HYDROCHARIT VA GER Ey WITH DESCRAPTIONS 
OF THE AMERICAN SPECIES 


Cc. DEN HARTOG 
(Foundation Flora Malesiana, Leyden) 


(recewed March 31st, 1959) 


During the revision of the Hydrocharitaceous genus Halophila tor 
the Flora Malesiana it appeared for nomenclatural reasons necessary 
to study the genus in its entirety. In this Flora (DEN Hartoc, 1957b) 
I have already accounted for the Malaysian species. In that paper 
I have also included H. stipulacea (Forsk.) Aschers. which is commonly 
distributed in the western part of the Indian Ocean and the Red Sea 
and has immigrated in recent years via the Suez Canal into the 
eastern Mediterranean. A new species, H. linearis Hartog, I have 
described (Den Harroc, 1957a) from Portuguese East Africa. ‘The 
remaining American species, all occurring in the Caribbean, will be 
treated in this paper. In order to facilitate the study of this interesting 
marine genus a key to all species has been prepared. 


KEY TO THE SPECIES 


1. Lateral shoots with 2 scales at the base. 
2. Lateral shoots with at the top at most 5 pairs of petioled leaves. 
3. Lateral shoots short, 1 cm or smaller, often not developed 
with | pair of leaves at the top; petioles not or unequal-sided 


sheathing’ << 29M «02 Cen Ei Se eesecte ori 
4. Midrib joining the intramarginal nerves; cross-veins 
present. 
5. Scales to 8 mm; leaves ovate or elliptic; petiole not 
sheathing. 


6. Lateral shoots scarcely or not developed; gla- 
brous, margin entire, dioecious. 
7. Leaves 1—4 cm, with 12-25 pairs of cross-veins 
ascending at an angle of 45-60°. 
1. H. ovalis (R.Br.) Hook. f. 
7. Leaves 0.7—1.4 cm, with 3-8 pairs of cross- 
veins, ascending at an angle of 70—90°. 
2. H. minor (Zoll.) Hartog 
6. Lateral shoots 0.5-10 mm; hairy, margin serru- 
late, monoecious . . . 3. H. decipiens Ostenf. 
5. Scales large, 12-17 mm, bright white, leaves linear; 
petioles unequal-sided sheathing. 
4. H. stipulacea (Forsk.) Aschers. 
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4. Midrib joining the marginal nerves in the top, cross- 

vemnsmabsente i. 2 4. 2) Sis. 95, Ho linearis Hartog 

3. Lateral shoots longer, 1-2 cm, with 6-10 leaves at the top; 

petioles with a broad sheath; midrib crossing the intra- 

marginal nerve, reaching the margin; cross-veins absent. 

sect. MICROHALOPHILA Aschers . . 6. H. beccarii Aschers. 

2. Lateral shoots with 10-20 pairs of sessile, distichous leaves. 

sect. ASCHERSONIA Hartog. . 7. H. spinulosa (R.Br.) Aschers. 

1. Lateral shoots with 2 basal scales and 2 others halfway up or 

higher, at the top 2 or 3 pairs of leaves, placed in a pseudo-whorl. 
sect. AMERICANAE (Ostenf.) Ostenf. 

Leaves distinctly petioled, obtuse, with 3-5 pairs of cross-veins; 


petioles 3-5 mm...... .. .8. H. baillonis Aschers. 
8. Leaves subsessile or very shortly petioled, acute, with 6-8 pairs 
of cross-veins ..... . . . 9. H. engelmanni Aschers. 


SECT. HALOPHILA. — sect. Barkania (Ehrenb.) Aschers. Nuov. Giorn. 
Bot. Ital. 3: 301. 1871; Hartog, Act. Bot. Neerl. 6: 46. 1957; 
Typicae Ostenf. Bot. Tidsskr. 24: 240. 1902; Pfl.-areale 1°: 37. 1927. 

Lateral shoots short, | cm or smaller, often not developed, with only 
1 pair of leaves at the top. 


Halophila decipiens Ostenf. Bot. Tidsskr. 24: 260 fig. 1902; 
Aschers. in Neumayer, Anl. Wiss. Beob. Reisen ed. 82 oo O0G: 
Gagnep. Fl. Gén. I.-C. 6, 1: 4. 1908; Ostenf. Pfl.-areale 1°: 37, 38, 
map 23. 1927; Steenis, Trop. Natuur 22 46.1933; ‘Sétchell; Am: 
Maturalist 69: f£, 3: 1935; Hartog, Fl. Mal! 5:410 f..18. 1997..-— 
H. baillonis (non Aschers. 1874) Aschers. in Neumayer, Anl. Wiss. 
Beob. Reisen ed. 1: 367. 1875; d’Eggers, Smiths. Inst. Bull. Nat. Hist. 
13: 98. 1879 (baillonii); Holm, Bih. K. Svenska Vet.-Ak. Handl. 9, 13: 
1-18, pl. 1-3. 1885; Aschers. & Giirke in E. & P. Nat. Pfl. fam. 2, 1: 
949, 1889; Aschers. in Neumayer, Anl. Wiss. Beob. Reisen ed. 3, 2: 
395. 1906; Rydberg, N. Amer. Fl. 17: 67. 1909; Bowman, Science 43: 
945. 1916; Pap. Michigan Ac. Sc. Arts & Lett. DitSyipla 2a 19228 
Ostenf. Pfl.-areale 13: 37, 38 map 23. 1927; Setchell, Am. Naturalist 
69: f. 3. 1935. 

After the character of the indument of the leaves and the spathal 
leaves two varieties can be distinguished. The var. decipiens has hairs 
on one side of the leaf only and glabrous spathal leaves. The var. 
pubescens, however, has the leaves hairy on both sides, and the spathal 
leaves with hairy outer side. 


var. pubescens Hartog, F'l. Mal. 5: 411. 1957. 

Monoccious. Stems thin, easily breaking, with one root at the nodes, 
internodes 1-4% cm. Scales transparent, scarious, obovate, doubled, 
keeled, 3-7 mm, outerside hairy, apex incised. base amplexicaulous. 
Leaves oblong-elliptic, obtuse or rounded, cuneate at the base, green, 
at both sides faintly covered with short, rigid, unicellular hairs, 
margine very fine-serrulate, 10-23 by 3-6 mm, only | pair on a 1-10 
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mm long shoot; cross-nerves 6-9 pairs, ascending, joining the intra- 
marginal nerve; midrib united at the top with the intramarginal 
nerves running at c. 5 mm distance from the margin; petiole 3-15 mm, 
triquetrous. Spathe ovate, acuminate, keeled, scarious, transparent, 
3-4 mm, margin ciliate and keel with fine serrulate teeth, hairy 
outside, tearing at the top as the fruit is ripening, containing | g and 
1 © flower, spathe leaf enclosing the female flower, embracing the 
other. Male flower: tepals oblong-elliptic to ovate, obtuse, convex, 
1-114 mm long, anthers c. 1 mm, pollen grains elliptic; pedicel 3 mm; 
after anthesis the complete flower with its pedicel caducous. Female 
flower subsessile, ovary ovate, | mm; beak 1-2 mm;; styles 3, 24% mm. 
Fruit broad-elliptic, 24% by 14% mm; pericarp scarious, transparent, 
beak 1144-2 mm. Seeds c. 30, ovate, 1/5 mm. 

Distribution: West Indies (Porto. Rico, Jamaica, Guadeloupe, 
Martinique, St Thomas, St Croix); Florida. Also with great dis- 
junctions in the Indo-Pacific: Tahiti, Ceylon. 

The closely related var. decipiens occurs very localized in a few 
stations, but widely distributed in the Indo-Pacific. 

Ecology: On muddy bottoms and on coarse coral sand, from 
1-50 m depth; in shallow water sometimes associated with H. bazllonis, 
in deep water sometimes together with H. engelmanni. Fl. and fr. 
probably the whole year round. 

Material studied: 

CARIBBEAN: Martinique, L. Hahn 1271, Plante marine, mer de 
la Casi-Pilatz. Nov. 1849 (P); St Croix, Christiansted Lagoon, 
Ostenfeld.290,: 9 Febrs 10 l4e(G); "Porto Riteore Margarita Pass; 
near Parguera, dredged in 18-20 m of water between outer reefs, 
Howe 7219, 27 June 1915 (P); Island of Culebra Harbor, Howe, 
3-12 March 1906 (K); Florida, 10 fms, 18-20 fms, without other 
data (BM). 

Inpo-Paciric: Tahiti, Papeete Harbour, Challenger Expedition, 
Moseley, Sept. 1875 (BM, K); at 18 m, 15 Oct. 1928 (C, L); Paea, 
9 ft deep near head of deep channel, Crossland 7149, 26 Jan. 1929 (K) 
Ceylon, Chilam, in 6 fms, Nevill 1484, April 1881 (K). 

Nomenclature: Difficulties around the name H. baillonis are 
exclusively due to Ascherson, whose imperfect description applies to 
2 species. ‘The name had been used for the first time by him in a letter 
to Prof. Oliver, about a Halophila species, collected by Moseley during 
the Challenger Expedition at St Croix. In this letter, published by 
Hooker f. in 1874, Ascherson stated that H. baillonis differs from H. 
ovalis by the serrulate leaves. Further he communicated the species 
had previously also been collected by Hahn in Martinique. I have 
seen the Challenger material which has been kept together with 
Ascherson’s letter in the Kew Herbarium and I consider this material 
to represent the type specimen of H. baillonis. It has 2 scales halfway 
or higher on the lateral shoot, and at the top a pseudowhorl of 4 
shortly petioled leaves. 

The specimens collected by Hahn, in 1874 erroneously referred to 
FH. baillonis by Ascherson, which I have examined, have also a very 
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fine serrulate leaf margin but they belong to H. decipiens. In his 
material the lateral shoots are very short, bear no scales and have at 
the top only | pair of rather long-petioled leaves. Fortunately Ascherson 
did not cite the Challenger St Croix material in his paper of 1875, 
and mentioned only localities where H. decipiens had been found. ‘The 
very detailed descriptions of d’Eggers and of Holm also concern this 


: : F : F Lee ear 
Fig. 1. a. Halophila engelmanni Aschers., habit, nat. size. b. H. decipiens ; 
habit, Be ae flowers, d. lengthwise section of eek e. Me Dee ee 

sed. f. H. baillonis Aschers., habit, nat. size (a urtiss im b= 
ee Ostenfeld, 1902). 
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species. Thanks to the excellent illustrations of Holm, all subsequent 
authors identified it wrongly as H. baillonis. Recently (DEN Hartoc 
1957b) I merged both species (i.e. H. bazllons auct. and H. decipiens), 
because the differences are very slight and show no geographic 
separation. 


SECT. AMERICANAE (Ostenf.) Ostenf. Pfl.-areale 13: 37. 1927; Bot. 
Tidsskr: 247 240. 1902;.Hartogy Ply Malo: 400 21957- 

Lateral shoot halfway or higher up with 2 scales and at the top 
2 or 3 pairs of pseudoverticillate leaves. 


Halophila engelmanni Aschers. in Neumayer, Anl. Wiss. Beob. 
Reisen *éd.) 1930811875: sBthance Mook: (Geno P hao ou. 
Aschers. in Neumayer, Anl. Wiss. Beoh. Reisen ed. 3, 2: 395. 1906; 
Rydberg, N. Amer. Fl. 17: 68. 1909; Bowman, Science 43: 245. 1916; 
Pap..Mich:,Ac? Se:Aris:& Lett..25 plal31922> Ostent.Pil--arealeske: 
37, 38 map 24, 1927; Setchell, Am. Naturalist 69: f. 4. 1935; Hartog, 
Fl, Mal.’ 5: 408. 1957. 

Dioecious. Stems thin, easily breaking, at the nodes one root; 
internodes 2—4 cm. Scales at the base of the lateral shoots broadly 
obovate, transparent, scarious, glabrous, keeled; apex obtuse, some- 
times a little incised, margin entire, 3-6 mm long. Lateral shoots 
2-4 cm, at the middle with 2 lanceolate to obovate scales, 4-12 by 
1-3 mm, at the top with 2-4 pairs of leaves in a pseudowhorl. Leaves 
oblong or linear-oblong, glabrous, apex obtuse, sometimes apiculate, 
base cuneate; margin ‘finely serrate; 10-30 by 3-6 mm, rather thick. 
On either side of the midrib 6-8 cross-nerves, ascending under an 
angle of 30—45°, joining the intramarginal nerve. Midrib united at the 
top with the intramarginal nerves. Petiole: 2 mm or shorter. Spathe- 
leaves lanceolate, acuminate, sessile in the axils of the leaves, containing 
1 female flower. Ovary ovate, 3-4 mm; rostrum 5 mm long; styles 
3, 3 cm long. (Description of the flower after Rydberg, l.c.) Male 
flower unknown. 

Distribution: Florida and Bahama Islands. 

Ecology: On fine white sediments of limy remainder of echino- 
derms, mollusca, corals, in clear water on a depth to 16-18 fathoms, 
associated with a lot of algae (Halimeda, Caulerpa, Codium, Udotea, etc.) 
sometimes also with H. baillonis var. pubescens. 

Material studied: 

FLoriDA: Cape Sable, washed up with algae. Also found at Cedar 
Keys, Punta Rossa, and in the Indian River, Curtiss 2704, Jan. 
(K, L); Punta Rossa, thrown up with algae, Curtiss, July 1881 egy: 
Lake Worth, growing with marine algae, Curtiss 5399, 22 May 1895 
(K); Key West, W. H. Hervey (K). 


b 


Halophila baillonis Aschers. ex Hook. f. Journ. Linn. Soc. 14: 
317. 1874; Bth. & Hook. f. Gen. Pl. 3: 455. 1883; Hartog, Fl. Mal. 5: 
408. 1957. — H. aschersonii Ostenf. Bot. Tidsskr. 24: 239, figesl902: 
Aschers. in Neumayer, Anl. Wiss. Beob. Reisen ed. 35/2: 395.1906; 
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Rydberg. Ni Amer. Fl. 17:68. 1909; Ostenf: Pfil.-areale 1°: 37,38 
imapels 1027% setchell, Rev: Suadamer.’ Bot: 1: 1075 1934; Am. 
Naturalist 69: f. 4. 1935. 

Dioecious. Stems thin, easily breaking, at the nodes one root; 
internodes 1-3 cm. Scales at the base of the lateral shoots lanceolate 
to obovate, transparent, scarious, pubescent, keeled, 1-2 4% mm; apex 
obtuse, sometimes a little incised; margin entire. Lateral shoots 
6-40 mm, with halfway or higher 2 obovate scales, 3-4 mm in the 
axils of which often arise secundary shoots, and at the top with 2 pairs 
of leaves, placed in a pseudowhorl. Leaves oblong, elliptic to lanceo- 
late, hispidulous; apex obtuse, base cuneate; margin finely dentate; 
5-20 by 2-8 mm. On either side of the midrib 3-5 cross-nerves, 
ascending under an angle of 60—80°, joining the intramarginal nerve. 
Midrib united at the top with the intramarginal nerves. Petiole 
3-5 mm. Spathe-leaves lanceolate, acute, sessile in the axils of the 
upper pairs of leaves, containing one female flower. Ovary ovate, 
2 mm; rostrum slender, 5 mm; styles 2 or 3, 15-30 mm long, with 
rather conspicuous papillae. (Description of the flower after Rydberg, 
l.c.) Male flower unknown. 

Distribution: West Indies (Porto Rico, Jamaica, St Croix). 
Brasil: Pernambuco. Setchell l.c. assumes that the specimens collected 
in Brasil are not autochthonous. 

Ecology: Muddy bottoms of bays at a depth of about | m, 
sometimes together with H. decipiens var. pubescens. 

Material studied: 

CARIBBEAN: St Croix, Challenger Expedition, Moseley, 1873, 
type (K); Christiansted, F. Borgesen, Jan. 1906 (BM); Curagao, 
Spaanse water bij Brakke Punt, P. J. van Breemen, TOUS (Uy. 

Brasit: Pernambuco, on mud, G. A. Ramage, 1887 (BM). 
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BRIEF REPORTS 


WENT, Johanna C.: Cellophane as a Medium to study the Cellulose De- 
composition in Forest Soils 


RicHarp (1945) described a method to test the cellulose and protein break- 
down in the soil. He placed viscose and silk threads in the soil sometimes for more 
than one year and measured their tensile strength after removal from the soil. 

This method was used by VAN Goor (1952) for forests soils in the Netherlands. 
He measured the tensile strength of rayoncord AU, a twisted cellulose thread, 
while Hueck (verbal information) measured the tensile strength of a cylindrical non 
twisted cellulose thread. Measuring the tensile strength has to be done under 
constant temperature and humidity and it is not easy to get reproducible results. 

I have tried therefore to use the non twisted thread!) (a cylindrical isotropic 
regenerated cellulose thread), which can be cleaned better after removal from the 
soil than the twisted one. The threads are weighed before and after their treatment. 
Results, however, were confusing as many threads were partly eaten by soil animals 
and often it was impossible to recover the entire length from the soil. Since the cellu- 
lose threads did not give reproducible results the time necessary for the disappearance 
of the cellophane in the soil is now used as a criterion for the decomposition of 
cellulose in the soil. 

Accidentely cellophane was used in this way when the method of Tripe (1957) 
to study the invasion of cellophane by soil organisms was repeated. ‘The cellophane 
is folded around a microscope slide and kept around this slide with a second slide, 
fastened together on one end with adhesive tape. The unvarnished cellophane is 
boiled before use to get rid of the plasticizers in this material. The slides were placed 
vertically in the soil and the dévelopment of fungi and bacteria was followed at 
intervals of one to two weeks. Already after one week the cellophane is invaded by 
fungi and bacteria. After two weeks an etching of the cellophane underneath the 
fungi and bacteria could be seen. Many fungi formed a fanshaped growth on the 
cellophane. Especially under the fanshaped growth the cellophane was attacked 
and small holes appeared. When all the cellophane is invaded by fungi, mites and 
springtails will start to eat holes in the moldy cellophane until it has disappeared 
entirely. The only animals attacking the cellophane before it is invaded by fungi 
and bacteria are snails or slugs. It may be mentioned that these animals have 
cellulase in their digestive tract. 

It is not possible to recognize the fungi when they are growing on cellophane. 
Therefore isolates were made from the newly invaded cellophane and pure cultures 
of the isolated organisms were grown on cellophane placed on an agar layer with 
only inorganic salts as nutrients. In this way it was found that Staphylotrichum, 
described by Nicor and Meyer (1956) from a tropical soil, formed a fanshaped 
growth which was very similar to a chytridiacea, Rhyzophlictis. This shows how 
confusing the growth on cellophane can be. Staphylotrichum digests the cellophane 
at a temperature of 10° Cin 3.5 weeks. Myrothecium, a well known cellulose attacking 
fungus digests the cellophane in less than 7.5 weeks. Both Myrothecium and Staphylo- 
trichum were isolated from the Hackfort oakforest soil. 


1) ‘The non twisted cellulose thread was obtained from the Centraal Laborato- 


rium, Delft and from the AKU, Arnhem. The last also procured the cellophane. 
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As the disappearance of the cellophane is much slower in forest soils than when 
used for the growth of pure fungus cultures at the same temperatures, it is evident 
that antagonistic action of different organisms or other influences of the environment 
slows down the digestion of the cellophane. 

In 4 different forest soils, calcareous mull, acid mull, and mor from Hackfort 
oakforest and acid mull from Middachten oakforest, the rate of decomposition 
of cellophane was investigated (table 1). The Hackfort soil is a sandy soil mixed 


TABLE I 


Number of weeks necessary for the disappearance of cellophane 
in different forestsoil types 


Oakforest Condition of the soil pH (KCL) pH (water) Weeks 
Hackfort calcareous mull 5.2 5.9 23 
Hackfort acid mull 3.4 4.3 26-39 
Hackfort mor 3.0 4.1 20-45 
Middachten acid mull Deer 4.1 i=) 


with loam, the Middachten soil is a clay soil. Not the pH, but probably the moisture 
content is one of the most important factors for the breakdown of the cellophane in 
these different forest types. The Middachten acid mull which decomposes quickly 
is very wet, the Hackfort mor which has the same acidity is a much drier soil with 
much slower decomposition. 

As temperature and moisture condition of the soil are important factors in the 
decomposition it is obvious that the time of disappearance will show great variation 
in different periods of the year. 

In 1953, squares in a pine forest on sandy soil, were treated in 3 different ways. 
One part was dug to a depth of 20 cm. The other two parts were dug in the same 
way but one part was treated with ground lime marl (2000 kg pro ha) and the other 
part with hydrated lime ( 1950 kg pro ha). Now after 6 years the cellophane shows 
a marked difference in disappearing. Little or no disappearence could be found 
in the parts that were dug and treated with hydrated lime after 18.5 weeks. The 
untreated part showed some breakdown after 11 weeks and an appreciable break- 
down after 14.5 weeks. The part treated with ground lime mar] showed even more 
breakdown after 14.5 weeks than the untreated part. It might be possible that an 
initial heavy breakdown in the part that is dug or treated with hydrated lime may 
have caused the absence of breakdown later on. The experiment will have to be 
repeated with freshly treated soil. 

These experiments show the possibilities of cellophane as an indicator of cellulose 


decomposition in the soil. 
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BOOK REVIEWS 
OF PUBLICATIONS RELATED TO BOTANICAL WORK 
IN THE NETHERLANDS 


Aupvs, L. J.: Plant growth substances, Leonard Hill (Books) Ltd. London, 1959. 
Price 65/-. 576 pages, 58 illustrations. Size 10” x 6”. (Royal 8vo). 


This second edition of “Plant Growth Substances”’ is the first book of a new series 
entitled “Plant Science Monographs’’. The series, of which another twelve titles 
have been announced already, is designed to facilitate the effective application of 
research in the plant sciences and, as a result of this, the improvement of productivity. 
In order to present the physiological background of the use of erowth-regulating 
substances in agriculture and horticulture to the layman and the non-specialist, 
the treatment has been kept as simple as is consistent with accuracy. Some two or 
three Chapters, nevertheless, will probably be beyond the comprehension of the 
non-scientific layman. They deal with the nature of plant growth and its control, 
with the chemistry of the natural and synthetic auxins and with their mode of action 
in the plant cell. In the remaining Chapters every practical aspect of growth- 
substance application is covered: auxins as growth stimulants, as initiators of new 
organs, the use of auxins in grafting and wound healing, the initiation and stimula- 
tion of fruit development, the control of the shedding of various parts, the action 
of auxins as growth inhibitors (bud growth and induced dormancy, general toxicity 
and use as selective weed killers). The last Chapters deal with the role played by 
hormones in reproduction, with the calines, with natural plant-growth inhibitors 
and with the growth substances 4in the soil. An extensive glossary, five appendices 
and over a thousand references complete the book. The reader is led through these 
parts of the domain of plant physiology in an extremely attractive way. Professor 
Audus is a guide who has not only a keen interest in the history of the existing 
scientific structures, he is also a good judge of the possibilities and the difficulties 
of those constructions which are not yet fully established. He has assimilated the 
large quantity of physiological data so efficiently that the structures formed with 
them, constituting the Chpaters of the book, are each of them extraordinary 
examples of integration. Moreover, the book is pleasant reading. To anyone 
interested in plant physiology and in the application of chemicals to plant-growth 
control “Plant Growth Substances” will be of great value. — Professor Audus 
stayed a few years in the erstwhile Netherlands East Indies, not as a scientific 
worker in an Experiment Station but as a prisoner-of-war in a Japanese camp. 
Since the food was inadequate, serious symptoms of vitamin deficiency spread 
among the inhabitants. Prof. A. developed in his camp methods to grow yeast, and 
it is not improbable that many of his companions owe their life to his ability to 
apply his broad knowledge of general botany on problems of food production, even 
in the worst circumstances imaginable. uA 
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NURI EN TOWUN “LH EB eGLAN TD 
EMBRYOSAC-VACUOLE OF THE COCONUT 


P. M. L. TAMMES 


(Wageningen) 


(received Fune 23rd, 1959) 


INTRODUCTION 


The large vacuole in the embryosac of the coconut makes it possible to analyse 
vacuole sap without admixture of protoplasmatic substances, and thus to find out 
what nutrients are present or lacking. This vacuole is probably the second largest 
in plants. Another palm, Loidoicea Seychellarum, has still larger nuts. 

The analyses were carried out by Mr. A. C. Spoelstra and Mr. H. J. Immink 
under supervision of Dr. W. B. Deys of the Institute for Chemical and Biological 
Research on Field Crops at Wageningen. Amino acids were determined by Dr. J. 
van Die of the Laboratory for Plant Physiology, also at Wageningen. Samples of 
the sap and leaves were taken by Ir. H. Hoestra at Togo. The author is much 
indebted to these gentlemen for their kind help. 


MATERIAL AND METHODS 


On a fullgrown coconut a new leaf appears every four weeks. In 
the axle of each leaf a spadix develops with male and female flowers. 
After opening of the spadix the male flowers bloom first and then 
the female flowers are open at the time when the spadix of the next 
leaf opens. The inflorescence with flowers develops into a bunch of 
nuts, the successive bunches thus having difference in age of about 
four weeks. 

The female flower of the coconut palm contains three ovules, one 
to each carpel. Of these only one develops after pollination. The 
embryosac of this ovule increases enormously in size and becomes the 
large cavity filled with sap in the nut. The final size is attained about 
six months after opening of the spadix (Fig. 5) and a nut may then 
contain more than half a litre of sap. At this time the formation of 
endosperm starts and can first be observed as a small jellylike patch 
on the apex of the cavity. At the base of the cavity the embryo will 
form (Figs. 1-4). As long as no endosperm is formed the cavity 1s 
the vacuole of the single large embryosac cell. ‘The liquid is under 
pressure and a little sap spouts out when a hole is made in the wall, 
e.g. for drinking coconut water. When the endosperm 1s formed the 
pressure disappears gradually and a gasbubble is formed in the end. 
The liquid then thumps when the nut is shaked. Samples were taken 
from nuts of the oldest bunch where no endosperm could be found 
(Fig. 2). These samples were taken at Togo, preserved with a little 
toluene and sent to Europe. 
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Fig. 1, Female flower; Figs. 2 and 3. Unripe nuts; Fig. 4. Ripe nut of the coconut 

palm. Samples of fluid were taken from stage 2, that is about 6 months after 

opening of the spadix. a. stalk; b. perianth; c. gynoecium in flower and in fruit: 

C, €xocarp, C, mesocarp (husk), c,; stony layer of endocarp (shell.); d. ovule in 

flower and in fruit: dj embryo, d, and d, outer and inner seed coats, d, endosperm 

(coconut meat), d; cavity filled with fluid, in ripe nuts only partly filled; e. con- 
ductive channel; f. nectarium; g. stigma. 


Samples, analysed by other authors, are from sap of ripe nuts and 
may therefore differ from the above mentioned samples (SaLcapo, 
1954). Such samples being intended for other purposes cannot give 
an impression of the vacuole sap, as in the later stages the character 
as a vacuole is lost. 

For comparison of the analysis of the sap, leaf samples were taken, 
according to the method described by Prévor (1954) for oil palms. 
This was done by taking the first fully developed leaf and from it 
a sample from the middle leaflets and the centre part of each of 


NUTRIENTS IN THE GIANT EMBRYOSAC—VACUOLE OF THE COCONUT 495 


these leaflets. The leaves were oven dried, but wet weight was 
calculated on a basis of 75 % water. 

The identification of the pure amino acids present, and the estimate 
of the amount of total amino and amide Nitrogen in the leaves was 
performed on fresh material, sent by airmail. 


OR Sasa oO = OO Om tetas 141516 


Bloom of male flower eee ae 


i] 
| Bloom) of female flower gy 2 ae Bee = ae 
|| Fruit setting eS eee avo a 


Formation endosperm a er =| 


Formation embryo aey a) zee Bey ess | oe ee 
Dark colour of shell == : are Set — enna nace! 
Water thumps on shaking Sn 
Dying of husk | a Le Saas peers a 
Mature nut - 1 a nae a ee ee — 
Nut falls =e” fo 2. eases — 


Harvest period _ [ae ee = 


Fig. 5. Development of the fruit of the Coconut palm. On horizontal axis the 
time in months (after Tammes 1940). 


MACRONUTRIENTS 

The sap from the vacuole contains about 2 % of monoses and a 
trace of sucrose. The sap is under pressure. Ph is about 5.8. The 
following nutrients were found (Table 1). 


TABLE I 


Macronutrients in mg/l in sap or mg/kg in leaves 


we N  Namino P K Ca Mg 
acids 
Oi en eee ee ee 
ape 6 90 78 58 3050 288 47 
T 8 73 31 59 2730 289 48 
fresh 6 5825 ss 280 3125 785 315 
ee aig 5280 es 270 1425 1040 312 
diy. 06 23300 2 1120 12500 3140 1260 
fer Te 21400 1080 5700 4160 1250 


Nitrogen. Only 2 % of the total amount of nitrogen in the leaves 
is found in the sap of the vacuole. 

Amino acids were differentiated with paper chromatography by 
Dr. van Die. In the sap the following amino acids were found: 
Asparagine, Glutamine and alanine, Glycine, Valine, Leucine— 
isoleucine Glutamic acid and Proline. In the press-sap from the 
leaves, about the same amino acids were found with the exception 
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of Proline. The leaves also contained Threonine, Arginine and Serine. 
The total amount of amino acids in the sap of the leaves was about 
470 mg/l. Potassium is evenly distributed, and about the same values 
are found in the leaves and in the vacuole sap. Of Phosphor, Calcium 
and Magnesium, quantities are smaller than those found in the leaves. 


MICRONUTRIENTS 
The following micronutrients were found. (Table 1). 


TABLE IL 


Micronutrients in mg/l in sap or mg/kg in leaves 


ee Co Cu Fe Mn Mo Zn 
sap ALG 0.02 0 0 2 0.10 0.77 

AP fe} 0.02 0 0) OD 0.02 0.76 
fresh IG — 0.95 24.7 (iS) 125 3.4 
leaf TES — 1.05 21.8 6.2 8.8 3.6 
dry 1G 0.03 3.8 98.6 46 0.50 326 
leaf 1S 0.03 4.1 87.1 25 0.35 14.3 


No Copper or Iron was found in the vacuole sap. Cobalt, Manganese, 
Molybdenum and Xinc were present in the sap. 


DISCUSSION AND SUMMARY 


Many of the nutrients found in the:leaf-tissue of the coconut palm can be found 
in smaller quantities in the vacuole of the embryosac, with the exception of Pot- 
assium which seems to be more evenly distributed in both. This concerns P. Ca, 
Mg, Co, Mn, Mo and Zn. Copper and iron, though present in the leaf-tissue, 
were lacking in the vacuole sap. 

Nitrogen in the vacuole was only found in + 2 % of the amount present in the 
wet leaves. In the vacuole a considerable part of this nitrogen is present as amino 
acids. In general the same amino acids were found in the leaves and in the vacuole. 

Comparison is also possible with sieve tube sap of palms (Tames, 1933, 1958). 
Differences between vacuole sap and sieve tube sap especially exist in: 

1. vacuole sap + 2 % monoses, sieve tube sap 15 % of sucrose. 

2. Calcium + 288 mg/l in vacuole sap, only 19 mg/l in sieve tube sap. Copper 
and Iron are found in very small quantities in sieve tube sap and are probably 
nearly absent in vacuole sap. As far as the other substances are concerned, the same 
elements, even the same amino acids were found in sieve tube and vacuole sap. 
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The tricarboxylic acid cycle (TCA cycle), as proposed by Krebs 
and coworkers, has received widespread consideration in explaining 
the enzymatic reactions that bring about the breakdown of pyruvate 
to carbon dioxide and water. As a result of experiments with isolated 
mitochondria, the concept has arisen that the enzymes of the TCA 
cycle are localized mainly in mitochondria (cf. SCHNEIDER and 
Hocezsoom, 1956). Although the scheme is apparently characteristic 
of metabolism in animal tissues, there is good evidence that it is at 
least potentially functional in higher plants, bacteria and yeasts. The 
operation of the cycle in molds however is still the subject of much 
investigation and controversy. Various workers have shown the 
presence of some or all of the individual enzymes of the TCA cycle 
(cf. CocHRANE, 1958), but relatively little work has been done on the 
isolation of functionally active subcellular particles from fungi. 
(BonNER and Macuuts, 1957). In this report some observations on 
subcellular particles.from Schizophyllum commune are given. 


METHODS 

ORGANISM 

A non sporulating mutant strain of Schizophyllum commune Fr. (C.B.S. 
Baarn) was grown for 10 days at 27° on a medium consisting of 10 g 
glucose; 2 g asparagine; 0.5 g KH,PO,; 0.5 g Na,HPO,:-2H,O; 
1 g MgSO,:7H,O; 1 ml trace-elements solution (Hoagland and 
Snider) per 1000 ml water. 

In order to promote growth 10 ml of a yeast-extract preparation 
was also added and pH adjusted to 7.0. Aeration was obtained by 
shaking in shallow culture. The submerged mycelium, which was 
exclusively dicaryontic, was harvested and washed with distilled water. 


DISINTEGRATION AND PREPARATION OF CELL-FREE EXTRACTS 
30 g prechilled mycelium (wet weight) was ground in a cold mortar 


with coarse acid-washed sand and a solution containing 0.8 M 
glucose; 0.05 M KH,PO,; 0.02 M nicotinamide (adjusted to pH7.0 
with NaOH) during 10 min in the cold. The homogenate was filtered 


through cloth and centrifuged for 10 min at 800 g. The supernatant 
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fraction was centrifuged again for 20 min at 24000 g. The resulting 
supernatant was poured off, and the particulate fraction washed with 
30 ml of the disintegration medium, spun down, and then resuspended 
in 7 ml of this medium. A Phywe refrigerated high-speed centrifuge 


was used. 


MEASUREMENTS OF RESPIRATION 

Oxygen uptake was measured in standard Warburg experiments 
at 30°. QO, = wLO, taken up/hr/mg dry weight, QO,(N) = wLO, 
taken up/hr/mg protein. All values represent averages of duplicate 
experiments. 


EsTIMATION OF PROTEIN 

Protein was estimated spectrophotometrically by the method of 
Pardee. The protein of the particulate suspension was precipitated 
by adding one part 10% trichloroacetic acid, centrifuged, and 
washed with distilled water. To the washed sediment the biuret- 
reagent was added and after incubation (45 min at 37°) the mixture 
was centrifuged, and the optical density measured at 530 my in a 
Beckman spectrophotometer. 


PARTITION CHROMATOGRAPHY 


The reaction mixture of each vessel was deproteinized by adding 
one drop of 0.5 N HCl and heating in boiling water during 2 min. 
The protein was spun down and 0.025 ml of the supernatant was 
spotted on Whatman No | paper. Ascending chromatography with 
n-butanol, acetic acid, water*{471:5) as solvent during 24 h at 28° 
has been employed. Spray-reagent slightly alkaline bromophenol blue 
solution (LucG and OvERELL, 1947). The R;-values of the organic 
acid spots were compared with those of controls without incubation. 


SUBSTRATES AND COENZYMES 


Sodium pyruvate and the other TCA cycle intermediates, in the 
form of acids, were purchased from Fluka, Buchs, Switzerland. The 
acids were neutralized with an aequivalent amount of K,CO,, and 
shaken with air to remove CO,. Also from Fluka: adenosine-5-tri- 
phosphoric acid or the tetrasodium salt (ATP), coenzyme A (CoA), 
nicotinamide, and hexokinase (28000 units/g at 30°). Diphospho- 
pyridine nucleotide (DPN), “purest”, C. F. Boehringer & Séhne, 
Mannheim Germany, and cytochrome c (cyt c) Fluka or Boehringer. 


RESULTS 


Intact mycelium metabolized glucose (0.05 M glucose in 0.05 M 
phosphate buffer pH 7.0) aerobically as well as anaerobically. The 
rates were QO,: —33.4 and Q%&,: +32.5 respectively (O® = 
uL, CO, evolved in nitrogen atmosphere/hr/mg dry weight). Quali- 
tative analyses of the incubation media showed formation of oxalic, 
citric and lactic acid under aerobic and citric and lactic acid under 
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Fig. 1. Electron micrograph: normally prepared suspension of granules, fixed 
with a solution of OsO, in veronal-acetate buffer pH 7.2, (final concentration 
OsO, 0.5 %) during 30 min, and washed twice with distilled water. 
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anaerobic conditions. The endogenic respiration was always very 
high (QO,: —21.0). Cytological observations revealed great quantities 
of fat in the form of abundant droplets throughout all the cells, 
suggesting that this fat was the cause of the high endogenic respiration. 

In order to abolish the impermeability of the cell-membrane for 
organic acids at pH 7.0, the mycelium was dried over P,O, in the 
cold. The dried cells oxidized a variety of organic acids (0.025 M 
substrate in 0.05 M phosphate buffer pH 7.0). Stimulation of respi- 
ration rates in per cent of endogenic respiration, after 19 h drying, 
are shown in parentheses: pyruvate (25.8), citrate (17.7), o-keto- 
glutarate (21.6), succinate (30.5), malate (18.5). Prolonged drying 
of the mycelium diminished greatly the respiratory activity. 

Cytological examination of the mycelium showed the presence of 
numerous granules in the cells, which stained readily with vital stains 
such as janusgreen B (SoroKin, 1938) and NADI-reagent (PERNER, 
1952). Rod-shaped particles, resembling the mitochondria of higher 
plants, could only be seen by using janusgreen B in a solution of 
1% glucose at pH 7.0 (0.05 M phosphate buffer). By staining in 
water the rods quickly fragmented and only spherical bodies could 
be observed. A complication with the NADI-reagent was the, 
probably secondary, distribution in the fat droplets of the indophenol 
blue formed. The isolated granules of the cell-free extract also showed 
a quick formation of indophenol blue with the NADI-reagent. Rod- 
shaped particles could also be observed after OsO,-vapour fixation 
and application of the mitochondrial stain by Regaud (modification 
BAUTZ, 61990). 

Electron microscopic observations on cell-free extracts, fixed in 
OsO,-solution, revealed spherical granules with a diameter varying 
from 0.02 to 0.7 w. The only particular structure observed in these 
particles was a system of smaller particles inside. (See Fig. 1). 

An attempt was made to investigate the conditions for maximal 
respiratory activity of the cell-free extract. For succinate oxidation 
there was a stimulation of oxygen uptake by increasing the glucose 
concentration of the disintegration and incubation medium from 
0.15 to 0.8 M. By further increasing the concentration the viscosity 
of the medium prevented the complete sedimentation of the small 
particles at 24000 g within 20 min. This also was the reason for the 
replacement of the sucrose, used in other studies, by glucose. 
Application of versene (0.001 M) in the disintegration medium did 
not appear to have advantages for the oxygen uptake, whereas 
addition of nicotinamide promoted the oxidation of oxaloacetate and 
pyruvate in the absence of externally added DPN, probably by 
inhibiting the breakdown of this compound. Hexokinase (300 units/ 
vessel) addition had no effect on oxygen uptake. Below 0.025 M the 
substrate concentration (citrate and succinate) was limiting factor 
in the respiration rate. In all these experiments the not-varied condi- 
tions were according to standard experiments as given in Table 1. 

In such a typical experiment (Table 1 and Fig. 2) the cell-free 
extract showed oxidation of all TCA cycle intermediates (isocitrate 
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Fig. 2. Oxygen uptake with TCA cycle intermediates by the particulate 
fraction. Reaction mixture: see table I. 


TABLE I 
Oxygen uptake with TCA cycle intermediates by the particulate fraction. Reaction 
mixture: 0.8 M glucose; 0.05 M KH,PO,; 0.005 M MgCL,; 0.01 M nicotinamide; 
16 x 10-6 M cyt c; 0.003 M ATP; 3 mg DPN/vessel; 0.025 M substrate; 0.5 ml 
cell-free extract; final volume 3.0 ml; pH 7.0. 


pteeenebaiiehes lmerwwtm ses 
substrate QO, (N) 
pyruvate + 

0.001 M malate 37.5 
Cittates ee ese, bee 37.0 
CISSACOMILATC IEE eae B2a7 
«-ketoglutarate .... . Zoe) 
SUCCINALC sicuas Uh ne ee 49.3 
malate ts us re ee oes eS 
oxaloacetate .....- 4.0 
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and fumarate were also oxidized but no exact data are available). 
Although the enzyme system brought about the oxidation of pyruvate 
alone (QO, (N): —16.9), the addition of a small amount of malate 
caused a greatly increased rate of oxygen uptake (0.001 M malate 
alone QO, (N): —2.3), suggesting an oxidative condensation of a 
2-c and 4-c compound. 

Oxaloacetate was oxidized at a very slow rate. One assumption 
may be put forward: It is possible that externally added oxaloacetate, 
being a competitive inhibitor of succinic dehydrogenase (PARDEE and 
Porrer, 1948), inhibits its own oxidation via the reactions of the 
TGA cycle. This would be a situation analogous to the inhibition of 
succinic dehydrogenase by malonate, which inhibited not only the 
oxidation of succinate but also the oxidation of other TCA cycle 
intermediates (see Table m1). 

An interesting fact was the oxidation of malate. The oxygen 
consumption was low, and the curve showed a considerable lag phase, 
in contrast to the curves for the other acids. An explanation of these 
results may be put forward on the assumption that the rate of oxygen 
uptake was limited by the action of lactic dehydrogenase, with or 
without the ‘‘malic enzyme”? of Ochoa (SALLEs and Ocuoa, 1950, 
Korkes e¢ al., 1950). In the case of lactic dehydrogenase activity this 
would imply formation of oxaloacetate, subsequent decarboxylation 
of this compound to pyruvate and a competition of lactic dehydro- 
genase and oxygen for DPNH. When the “malic enzyme” is also 
active, there can be a direct formation of lactate from malate via 
pyruvate, the ‘“‘malic enzyme” competing with malic dehydrogenase 
for malate. In these cases one would expect the formation of lactic 
acid especially in the beginning, whereby the lag in the curve for 
oxygen uptake is explained. 


Furthermore the requirement of the added cofactors was investi- 
gated (Table 1). 


TABLE II 


Cofactor requirement of some oxidations by the particulate fraction. Control 
reaction mixture: as mentioned in table I. Rates of oxygen uptake were calculated 
on a basis of control = 100. 


substrate control —DPN ATP —cytc + CoA 
(2 mg/vessel) 

pyruvate 

te COWIE IME romaine’ 5 4 8 TOYO) 45 116 — 208 
Crira te, SUFI 2, eB tee) LOO 37 124 = oo 
GiS-aconitate ae sarin Cee OU) 46 90 — — 
o-ketoglutarate’s “toe ee te OU 83 33 = 203 
SUCCIN ATC Maen Nn: eins en mee me) 160 49 43 — 
iAlatee se ame oma Sona LOU 41 1h) — — 


It must be noted that the data given in Table m cannot be compared 
mutually for the different acids, because they are the results of separate 
experiments. Omission of DPN greatly diminished the oxygen uptake 
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with all substrates, except succinate. This fact can be explained by 
the DPN-linked formation of oxaloacetate, and the subsequent 
inhibition of succinic dehydrogenase by this compound. The omission 
of cyt.c caused a great decrease of oxygen uptake with succinate as 
a substrate. Addition of Co A resulted in a 100 °% increase of oxygen 
consumption with pyruvate and a-ketoglutarate. 

Some experiments were carried out to study the effect of malonate 
and arsenite on oxygen consumption with various substrates. Arsenite 
is known to block the sulphydryl groups such as in lipoic acid, a 
cofactor in the oxidation of pyruvate and «-ketoglutarate (PETERS 
et al., 1946). 


TABLE I 


Influence of malonate and arsenite on oxygen uptake by the particulate fraction. 

Control reaction mixture: as mentioned in table I. To this medium malonate or 

arsenite was added in a final concentration of 0.001 M. No oxygen uptake with 
malonate (0.001 M) alone. 


substrate per cent inhibition 
+ malonate + arsenite 


Pyruvate + 


0.001 M malate . 14.9 96.5 
citrate Jee 20.3 20.3 
a-ketoglutarate . 26.7 98.9 
succinate 20.0 8.7 
malate DES) 46.0 


The results suggest that oxidation of the various substrates is 
mediated by the reactions of a fully operating TCA cycle. An expla- 
nation remains to be found for the relatively low inhibition, by 
malonate, of the succinate oxidation as compared with citrate and 
x-ketoglutarate oxidation. It should be noted however that the oxi- 
dation of succinate is inhibited already for 20-40 % in the control 
medium (probably depending on the internal concentration of DPN) 
by the presence of externally added DPN. 

The substrates and products of TCA cycle reactions were separated 
by filterpaper chromatography. The results are summarized in Table 
iv. Reaction mixtures after incubation under normal conditions were 
used (see Table 1), inhibited by malonate and arsenite (see Table m), 
and reaction mixtures in which the glucose concentration was lowered 
to 0.05 M. In the last case oxygen uptake was diminished as compared 
with 0.8 M glucose mixtures as shown in parentheses: pyruvate + 
0.001 M malate (30.9 %), citrate (37.3 %), «-ketoglutarate (46.9 %), 
succinate (36.6 %), malate (29.3 %). 

It is evident that more reaction products could be isolated by 
lowering the osmolarity of the reaction mixture, possibly due to a 
loss of structural integration of the granules. After inhibition with 
arsenite no reaction products could be detected with pyruvate and 
«-ketoglutarate as substrates. Noteworthy is also the accumulation 
of citrate with all the substrates by inhibiting with malonate or by 
lowering the glucose concentration. 
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Results of chromatographic analysis of organic acids 
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TABLE IV 


formed by the particulate 


material. Reaction mixtures: as mentioned in table I (0.8 M glucose) respectively 


with lowered glucose concentration 
or arsenite (see table III). 
always present yet on the chr 


Incubatio 


could be detected. 


(0.05 M glucose), and addition of malonate 
n time 120 min. The added substrate was 
omatographs. At zero-time only a substrate spot 


0.8 M 0.05 M 0.8 M glucose | 0.8 M glucose 
substrate ; 
glucose glucose + malonate + arsenite 
SS —————————— ———_________ 7 
pyruvate citrate citrate citrate | — 
0.001 M malate 
citrate x-ketoglutarate — — a-ketoglutarate 
malate ? 
a-ketoglutarate citrate citrate citrate = 
succinate fumarate citrate citrate ? fumarate 
fumarate | «-ketoglutarate 
malate fumarate citrate citrate fumarate 
succinate fumarate 
fumarate 
a a i he 
DISCUSSION 


The present work adds to the evidence for a certain similarity in 
the intracellular distribution“of enzymes in higher fungi and other 
organisms studied. Dried mycelium and a cell-free extract, consisting 
of a particulate microscopically visible fraction, was shown to contain 
the enzymes necessary for the aerobic oxidation of the TCA cycle 
intermediates. The effect of cofactors and inhibitors, and the products 
isolated from the reaction mixtures strongly suggest that the TCA 
cycle is operating indeed in cell-free extracts of Schizophyllum commune. 
The physiological role of this cycle in the intact organism, however, 
is not yet fully established. The difficulty, how to relate the accumu- 
lation of organic acids in the environment by the intact organism 
under aerobic conditions to the presence of the enzyme system 
mentioned above, remains to be elucidated. Although the oxygen 
consumption observed with malate was low in comparison to that 
with other acids tested (except oxaloacetate), malate readily served 
as a sparker for pyruvate oxidation suggesting that malate was being 
oxidized to oxaloacetate. The experimental evidence suggests, how- 
ever, that malate can be alternatively transfered to lactate. Preliminary 
observations on oxygen uptake indicated that this alternative mecha- 
nism is located mainly in the smaller particles. The results of BRown 
and Cantino (1955) are of interest here. They found that homogenates 
of Blastocladiella will dismutate malate to lactate without appreciable 
oxygen consumption. In this context it is important that under 
aerobic conditions Schizophyllum produced more lactic acid from glucose 
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than anaerobically, a phenomenon which was pointed out for other 
fungi by Carson et al., (1951), BRown and Cantino (1955) and 
GENTILE (1954). A sequence in which reactions of the TCA cycle and 
an enzyme system such as the “‘malic enzyme”’ of Ochoa are involved 
es offer a plausible explanation for this aerobic formation of lactic 
acid. 

This proposed mechanism for the formation of lactic acid, via the 
reactions of the TCA cycle needs, however, further investigation, 
and consideration must be given to the operation of a glyoxylic acid 
cycle (cf. KorNnBERG and Kress, 1957) or another mechanism for 
the production “de novo” of 4-carbon compounds. 


SUMMARY 


Some observations have been made on a strain of Schizophyllum commune Fr., 
concerning the activity of normal and dried mycelium and a cell-free extract 
containing a microscopically visible fraction. The results fit in with the assumption 
of a TCA cycle, operating in this fungus. The possible role of this cycle in the 
accumulations of lactic acid has been discussed. 
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INTRODUCTION 

It is not surprising that the mistletoes, being parasitic plants, should 
show a great range of diversity in the structure of their haustorial 
organs. These organs, after all, are involved in the act of parasitizing ; 
they form the physiological channel for the materials which the 
parasite draws from its host. It can therefore be appreciated that such 
vitally important organs should have evolved in many directions, 
this evolution being influenced by different endophytic environments 
when new host species were attacked. 

Much more puzzling, however, is the fact that many of the most 
striking morphological peculiarities in the mistletoe family appear 
not to be directly connected with the parasitic mode of life. The 
most outstanding of these are related to the flower and fruit, and a 
few of such features may be briefly referred to here: the absence of 
true ovules; behavior of the embryo sac (cf. MAHESHWARI, JOHRI and 
Drxir, 1957); radical anther modifications in Arceuthobium, Viscum, 
and Korthalsella; the highly efficient explosive fruit of Arceuthobium; 
green endosperm, absence of rootcap, and presence of stomata on 
radicles of some Viscoideae (cf. Kuijr); and the peculiar inflores- 
cence of Dendrophthora and Phoradendron. Before the full significance 
of such peculiarities can be appreciated, the structural variability 
of the organs involved needs to be explored in detail. I herewith 
present my observations on the morphology of the unusual inflorescences 
of the American genera Dendrophthora and Phoradendron, together 
forming the tribe Phoradendreae of the Viscoideae. I include some 
notes on the heterophylly so conspicuous and varied in many species 
of these genera, a phenomenon frequently important but sometimes 
used incautiously in the taxonomy of the Phoradendreae, and which 
is still poorly known in detail. It will be seen later that there are 
more relations between the seemingly separate topics of heterophylly 
and inflorescence morphology than meet the eye. 

A few words must be said about the taxonomy of the two genera. 
The only distinction between Dendrophthora and Phoradendron which 
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apparently holds true is the unilocular anther of the former as 
contrasted with the bilocular one of the latter. The question of merit 
of such a generic distinction I leave to the taxonomists to answer. 
TRELEASE monographed Phoradendron in 1916, but his treatment is 
open to much criticism, and is useful chiefly as a compendium of 
names and photographs of types. Even the species of North America 
can be determined in this monograph only with the greatest difficulty 
and uncertainty. The profusion: of new species described and _ their 
vague delimitations have paralyzed critical work on the genus for 
many years. The only important taxonomic work since has been 
FosBerG’s (1941) revision of a number of North American species 
of Phoradendron.\ Note’ should also be takeh of the nomenclatural 
change by JoHNston (1957) of P.’ flavescens to P. serotinum (Raf.) 
Johnston. Perhaps partly because of these taxonomic difficulties in 
this genus, and partly because of the difficulty in studying from 
herbarium material the morphology of the anthers (which are usually 
exceedingly small), the genus Dendrophthora has never been mono- 
graphed. The division into subgenera by Van TiecuHem (18964) is 
largely untenable (cf. URBAN, 1896) and is not directly relevant in this 
study. ErcHLER’s (1868) work is of lasting importance and will be 
referred to later. As to the taxonomy of especially the California 
species of Phoradendron I differ in some minor details from some of the 
above authors; but as a taxonomic discussion is not appropriate here 
I rely on accuracy of nomenclature to avoid possible ambiguities. 


I. HETEROPHYLLY 


Plants possessing two distinct types of leaves are of fairly common 
occurrence. It is true, of course, that cotyledons and prophylls are 
usually of a different shape and organization than other foliar organs 
(quite apart from floral appendages), but such differences do not enter 
into the definition of heterophylly. The word heterophylly is, as it 
were, an expression of surprise that foliar appendages of distinct 
(though sometimes intergrading) types develop in positions on the 
plant body which seem to us quite comparable. It is in this vein that 
we may speak of heterophylly as it occurs in Dendrophthora and 
Phoradendron. 

The various writers of the past have not, however, been consistent 
in their terminology. To avoid confusion, I shall first summarize 
previous usage of such terms as prophyll, cataphyll, and_scale-leaf, 
especially as applied to the genera under consideration. 

The term prophyll (from the German: Vorblatt) seems to have origi- 
nated with C. F. Scumperr in 1834 (cf. Rickert, 1954). Even in its 
first usage a comparison was made with cotyledons. In his morpho- 
logical discussion of the Phoradendreae, Er1cHLER (1868) also speaks 
of the prophylls or cotyledons of the lateral branch. From later statements, 
however, we must conclude that Eichler regarded prophylls in these 
genera merely as the first pair of cataphylls. TRELEAsE (1916)ignored 
the prophylls and their positions entirely. 
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Jackson (1949) defines the cataphylls as “the early leaf-forms of a 
plant or shoot, as cotyledons, bud-scales, rhizomescales, ete: 3 11n 
German, Niederblatter.” Perhaps a more reliable idea of cataphylls 
can be obtained from Gorse (1923) who does not include cotyledons, 
and who gives numerous examples of appendages regarded by him 
as cataphylls. ErcHiLer’s (1868) circumscription of cataphylls in the 
Phoradendreae as a type of prophyll makes inclusion impossible of 
those scale-like leaves which occur on the percurrent axis of P. para- 
doxum, P. crassifolium, P. piperoides, and many others. In fact, it appears 
as if Eichler was confused as to the morphological nature of cataphylls 
in some of the species of Phoradendron, as he speaks of several pairs of 
scale-leaves per internode. Both Eichler and ‘Trelease (at times) think 
of cataphylls as sterile organs. There are many examples, however, 
where cataphylls and prophylls subtend vegetative branches or 
inflorescences. 

Ursan (1896) seems to have been a more acute observer of these 
details, and it is indeed regrettable that those following him have 
ignored his remarks on the Phoradendreae. He pointed out that every 
lateral axis, whether vegetative or reproductive, begins with two 
prophylls usually reduced to little teeth. He added, furthermore, some 
important facts concerning phyllotaxy of prophylls and the next 
higher appendages, to which I shall return later. 

Before proceeding it is necessary to define the words in question. 
The definitions here used need not be accepted outside the Phora- 
dendreae, but within the tribe some circumscription will, I think, be 
useful. The prophylls can cause little confusion if we adhere to the 
original meaning (cf. RickETT,.1954) as the first pair of appendages, 
however small, and always of a transverse position, at the base of a 
lateral branch, whether vegetative or reproductive. When using 
TRELEASE’s (1916) work we should keep in mind the fact that he 
ignores the prophylls and associated characters; that when he speaks 
of basal cataphylls he refers to the second or higher pairs of appendages. 
Cataphylls as used in the present work shall refer to scale-like appendages 
of three possible positions. In some species cataphylls occur between 
pairs of foliage leaves on the main axis (intercalary cataphylls); in 
many, they are present between the prophylls and higher foliage 
leaves of the lateral vegetative axis. In the inflorescences of many 
species there are sterile scale-like leaves between the fertile ones and 
the prophylls (Figs. 6 and 7d); these may also be thought of as 
cataphylls. Sometimes a pair of cataphylls is fused to form a cup- or 
sheath-like structure, for which the expression vagina cataphyllaris 
(E1cHLER, 1868) may be retained. Those scale-like appendages of 
inflorescences subtending flowers I shall call, not cataphylls, but 
fertile scale-leaves or bracts. All vegetative appendages (except 
prophylls and cotyledons) of the so-called leafless species are called 
scale-leaves. There are exceptional cases, however, in apparently 
leafless species where because of the tubular shape of a pair of fused 
appendages we must again resort to the expression vagina cataphyllaris 
(e.g. in D. poeppigit, Fig. 2a, and in P. platycaulon) ; and perhaps other 
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difficulties will be discovered in due time. I am fully aware of the 
arbitrary character of such definitions and circumscriptions; but their 
usefulness as points of reference will, I hope, be better appreciated 
as the discussion proceeds. Finally, I wish to warn against the misuse 
of the term internode by EICHLER (1868) and TRELEAsSE (1916). Both 
speak of the insertion of several pairs of cataphylls per internode or 
foliage internode. Such an extension of the concept internode is, I think, 
quite unwarranted and indeed confusing. The places of insertion of 
cataphylls, prophylls, scale-leaves and foliage leaves alike must be 
regarded as nodes; the areas between two successive nodes, as inter- 
nodes, in accordance with ordinary morphological usage. 


Cc 


i i L — pauci S50, 18, ale 

Fic. 1. Prophylls (in black) of a. P. serotinum, b. P. pauciflorum, c. P. ce 

eae, — a °D. isda Dots above cut stem surfaces indicate the position 
of next higher appendages (x 7). 
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Prophylls The prophylls of the Phoradendreae are, as in many 
other Dicotyledons, minute structures. They are usually most clearly 
visible when young (Fig. 1b). Even then they may not be more than 
slight protuberances of the same color as, and not visibly delimited 
from the bulging shape of the node from which they arise. This 1s 
true, for example, in the species P. villosum, P. macrophyllum, and 
P. serotinum (Fig. la). In P. densum and P. pauciflorum the prophylls 
are somewhat more conspicuous (Fig. 1b). In the two latter species, 
which have expanded foliage, it is often easier to scrutinize herbarium 
material for prophylls because these organs are situated on the 
shoulder of the node, between the basal constriction of the subtending 
leaf and the also constricted base of the following internode of the 
main axis (Figs. la, b). In the “leafless”? species, however, the pro- 


Fig. 2. a. Fusion of prophylls (left and right) in D. remotiflora, von Tiir i 

2916, at U (x 3; lateral branches Eo ces lege i Meters: a 

D. poeppigit, Krukoff 6011, at U (x 3). Black spots indicate the positions of the 

next higher appendages. — b. Fused prophyll-pairs in D. nipensis, Morton & 

Acuna 3038, at K (x 6). Left, top view; right, lateral view. Main and lateral 
branches removed (broken lines). 
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Fig. 3. a. Young foliage leaves and cataphylls of P. piperoides from Puerto Limon, 
Costa Rica (x 5). Kuijt 1529. — b. Mature branch of same (x ¥%). 


phylls are usually at least partly obscured by the fused margins of the 
subtending scale-leaves (Figs. lc and Id). If branches develop in 
the axils of the prophylls of a primary lateral, such branches have 
their own pair of prophylls (Fig. 1c), or these may be wanting (see the 
secondary inflorescences of P. pauciflorum, Fig. 12b). In D. biserrula 
(Fig. 4a) the prophylls of secondary laterals are clearly visible as 
dark brown little teeth, even when these secondary branches do not 
themselves develop. 

On older nodes it becomes progressively more difficult to discern 
the prophylls which may be obliterated or pushed aside by the 
expansion of the node. Indeed the position of prophylls on an herba- 
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rium specimen can, at times, be traced only from the inflorescences 
or other branches inserted in axillary positions. In P. cheirocarpum, 
for instance, lateral inflorescences of the fourth order may be present 
which do not appear to be subtended by any prophylls, yet emerge 
in the correct positions. 

The fusion of prophylls in some species of Dendrophthora deserves a 
separate mention. URBAN (1896) mentions the fact that in D. opunti- 
oides, D. dahceri, and D. gracilis the prophylls at times are fused and 
occupy a “monocotyledonous” position, i.e. above the lateral axis, 
opposed to the subtending leaf. According to my own observations, 
D. domingensis also has prophylls fused at least basally. In D. remotz/lora 
this is true more consistently: the double prophyll is frequently 
notched, but may be apparently single (Fig. 2a). In the cases known 


Fig. 4. D. biserrula (Kuijt 1532) on Vaccinium consanguineum, Volcan Irazi, Costa 
Rica. — a. Basal portion of young plant; haustorial organ left blank (x 1). — 
b. Lateral and median views of spikes (x 2) 


to me the double organ is paper-thin and almost translucent, with 
a narrow upturned lateral edge. The process of fusion has gone one 
step further yet in D. nipensis (Fig. 2b) and some specimens of D. 
domingensis, where the four prophylls borne on one node form a single 
structure of, as it were, three toothed cups, the lateral ones containing 
the lateral axes, the middle cup the percurrent axis. Such a multiple 
structure gives the impression of being a very short internode. 
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Fig. 5. Reconstruction of part of a plant of D. paucifolia, Williams 1530 (isotype, 
UC). Phyllotaxy must be thought of as decussate throughout (x %). 


Cataphylls Of the cataphylls I shall first deal with those occurring 
on lateral axes. They are frequently wanting on inflorescences. In all 
species north of Mexico (e.g. P. macrophyllum, Fig. 10a; P. pauciflorum, 
Fig. 12b), in D. costaricensis (Fig. 8d), D. biserrula (Fig. 4b), D. ternata 
(Fig. 9), and many others, the first pair of appendages above the 
prophylls is already fertile. In such species as P. piperoides (Fig. 6c), 
P. crassifolium (Fig. 14), D. tetrastachya (Fig. 7d), two to several pairs 
of cataphylls may intervene between prophylls and fertile bracts. 
Fusion of inflorescence cataphylls is the rule. 

The cataphylls of vegetative laterals are, of course, more conspicuous 
because of the contrast with the foliage leaves above them. ‘Those 
species of Phoradendron included by TRELEASE (1916) in his Boreales 
are without cataphylls. However, I would like to draw attention to 
the fact that in several species referred by Trelease to the “Brachy- 
stachyae”’ occasionally markedly reduced leaves occur near the base 
of a lateral branch. This phenomenon can be seen from Trelease’s 
plates 51 (P. globuliferum) and 52 (P. aureum); 1 have also observed 
it in herbarium material of P. brachystachyum (Pringle 11160, L) and 
P. minutifolium (K.). We may perhaps regard such leaf reductions as 
an intermediate situation between presence and complete absence of 
cataphylls. The plants involved are also geographically intermediate. 

In the “Aequatoriales’” and in many species of Dendrophthora the 
cataphylls on lateral vegetative axes show a great variety of form, 
number, and prominence. Especially when only one or two pairs 


514 JOB KUIJT 


are found, these are often united into vaginae cataphyllares of shallow 
(P. piperoides) to tubular (D. costaricensis, D. poeppigu) shape. ihe 
second or third pairs, if present, become more shallow and more 
clearly bifid (P. tonduzii). In D. poeppigit the cataphylls form a con- 
spicuous tube, almost completely obscuring the scar of the small 
deciduous leaf below (Fig. 2a). 

I must now return to the matter of phyllotaxy of the first two pairs 
of appendages on lateral axes. URBAN (1896) is the only author who 
speaks of these features. He noticed that in Dendrophthora some variation 


Fig. 6. P. piperoides. — a. vegetative lateral branch with pair of ab 
ted fl 
(arrow). Baber 2602, UC. — b. and c. Details of spike, Kuijt 1529 (x 1 Bog: 
and x 2 respectively). ; ; 
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Fig. 7. a. P. platycaulon in fruit, the staminate (apical) flowers having fallen away 

(x 4). Spruce 228, the type, K. —b. & c. P. tonduzii, from Tres Rios, Costa Rica 

(x 6): Demonstrating the orientation of the apical flower b., when the second 

or more median flowers are absent; c., when the second or no median flower is 

absent. — d. Primary and young secondary spikes of D. tetrastachya, von Tirckheim 
2108S iC 2): 


exists in the relative positions of the prophylls and the next higher 
pair of appendages on the lateral axis. In one group of species, a 
decussate arrangement prevails throughout; i.e. the appendages 
following the prophylls are in the median plane. In the second group, 
however, the second pair of appendages stands transversely, in the 
same plane as the prophylls (distichous therefore), but beyond this 
second pair again a decussate phyllotaxy follows. Finally, there are 
those species which have a distichous arrangement throughout, some- 
times with the exception of the basal portion of the plant. 
Urban then moves on to look at these same features in Phoradendron, 
and concludes that all West Indian and South American species of 
this genus have one or more pairs of cataphylls or vaginae cataphyllares, 
the lowest being median in position, decussate thus with the prophylls. 
A decussate phyllotaxy is here thus the rule throughout the plant. 
EIcHLER (1868), indeed, had regarded this as a generic character. 
Urban had seen more material from North and Central America, 
however, and knew this to be incorrect. Again three different arrange- 
ments can be recognized, the first two remarkably parallel to the 
corresponding groups in Dendrophthora. Practically all South American 
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Fig. 8. a. & b. Inflorescences of D. costaricensis (Kuyt 1531) from Volcan Pods, 
Costa Rica; a. with mature berries (x 22/,).—c. D. cupressoides, branch with floral 
cups (X 31/3). Morris s.n., K.—d. Habit of D. costaricensis from the same collection 
as above. The two large lateral branches are secondary ones to primary inflorescences 

which have fallen away (x 11/,) 


and West Indian species of Phoradendron have, as already stated, a 
decussate phyllotaxy throughout. To this group Urban adds P. 
brachystachyum and P. tlacolulense from Mexico. The second group has 


HETEROPHYLLY AND INFLORESCENCE STRUCTURE Sl 7 


prophylls and the following pair of leaves in the same, transverse 
plane (distichous phyllotaxy), all others decussate. To this group 
Urban refers P. serotinum, P. bolleanum, and P. minutifollum. Finally, 
Urban groups together those Phoradendra which have scale-like leaves 
only, such as P. juniperinum and P. californicum. He also briefly refers 
to the remarkable fact that the prophylls and the next pair of appen- 
dages in P. caltfornicum may be either decussate or distichous. I shall 
later return to this variation in phyllotaxy. I should mention here 
that Urban did not propose these divisions as natural taxonomic groups, 
but used them to underline these particular structural details. 


Fig. 9. Inflorescence (probably staminate) and leaf of D. ternata, Fuertes 1523 
(the type), U. The two other leaves and two other spikes of the same node have 
been removed (x 2). 


On the whole I find Urban’s morphological categories helpful, but 
would make some changes. In Phoradendron, all of Trelease’s Aequa- 
toriales fit in group I (decussate phyllotaxy throughout). In group I, 
we may place all species occurring in the United States, except P. 
californcum: in P. serotinum (Fig. la), P. macrophyllum (Fig. 10a), 
P. villosum, P. pauciflorum (Figs. 12b, and 13a), P. bolleanum and P. 
juniperinum (Fig. 1d), the prophylls and the next higher pair of appen- 
dages stand in the same, transverse plane. Beyond, the phyllotaxy is 
uniformly decussate. It is difficult to know what to do with the 
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Fig. 10. a. Large staminate spike of P. macrophyllum from Woodlake, California 

(x 14/,); Kuijt 1209. Two dots indicate the positions of the subtending prophylls.— 

b. Staminate flower of P. pauciflorum (x 15), showing vascular structure. Kuijt 

1521. —c & d. Staminate inflorescences of P. pauciflorum (x 6). — e. Diagram- 

matic representation of the vascular structure in the staminate spike of P. pauciflorum 
(x 10). Lateral traces somewhat pushed away from percurrent ones. 


remaining species of the genus, as I have not seen sufficient material. 
I should prefer to retain them, tentatively, in a third group, because 
of the variation in phyllotaxy known from some of them. Urban 
hesitatingly speaks of this variation in P. californicum (see above). ‘This 
species indeed shows an inconstancy in this respect. For example, 
Templeton 1559 (L) shows arrangements typical of group I and II 
on the same plant. Rehder 248 (K) from Arizona has decussate 
phyllotaxy throughout. Indeed, the decussate arrangement predomi- 
nates in the various collections of this species which I have seen. In 
P. brachystachyum some plants are predominantly as group I (L 911— 
116-133), others as group II (L 911-116-136). In P. calyculatum, P. 
velutinum, P. scaberrimum, P. tlacolulense, P. globuliferum, P. galeotti, 
P. diguetii and P. uspantanum, all members of the Boreales, phyllotaxy 
again is decussate throughout, as in group I. It is an interesting fact 
that these are the most southerly representatives of the Boreales. In the 
matter of phyllotaxy therefore we find a continuous cline, from the 
Aequatoriales in the south and the adjacent Boreales (group I), 
through such species as P. californicum and P. brachystachyum (variable 
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phyllotaxy), to the northerly Boreales where phyllotaxy is always as 
in group II. This morphological cline bridges the gap between the 
Boreales and Aequatoriales. 

In Dendrophthora we find a variation in phyllotaxy which parallels 
that in Phoradendron. There are many species (perhaps most) which 
are decussate throughout, e.g. D. biserrula (Fig. 4a), D. costaricensis 
(Fig. 8d), and D. poeppigii (Fig. 2a). In D. grisebachii (Wright 2652, K), 
D. glauca (Wright 2651, K), and D. cupressoides (Morris s.n., K)-the 
phyllotaxy again belongs in group II. In D. tetrastachya (Ekman 
9540, K) both types of phyllotaxy occur on the same plant! D. 
biseriata (U 031249), though otherwise very close to D. biserrula, in 
contrast to this species belongs in group II. I have the impression, at 
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Fig. 11. a. Dichasial habit in P. henslovii, Habel 1868, K (x 1/s). : 
isrustioaes of staminate spike of P. calyculatum, Pringle 13189, K (x 4). — c. 


Teratological staminate spike of P. dimidiatum, Boschwezen 5308, U (x 4). 


520 JOB KUIJT 


Fig. 12. P. pauciflorum, pistillate, Kuijt 1521, — a. Terminal part of branch with 
young inflorescences (x 5). — b. Primary inflorescence in fruit flanked by two 
young ones. (x 10). — c. Lateral view of the vascular structure oun toy (s< NO) 


least in Dendrophthora, that variation in phyllotaxy does not always 
correspond to the natural affinities of the species involved; that this 
variation in itself should not be overestimated as to its taxonomic 
significance. This point is also illustrated in the two European species 
of the related genus Viscum, V. album L. and V. cruciatum ied. ex 
Boiss. The former is decussate throughout; the basal leaves of the latter 
are in the same transverse plane as the prophylls (Tusrur, 1923, p. 94). 
Yet there is no doubt that these species are very closely related. 

There are, however, a number of species in both genera which 
also possess cataphylls on the main percurrent axis: these may be 
called intercalary cataphylls. For purposes of description it is useful to 
arrange them diagrammatically, as in Fig. 15, according to their 
increasing prominence of cataphylls. In P. piperordes (Figs. 3b and 15a), 
D. poeppigit (Fig. 2a), etc., cataphylls alternate regularly with foliage 
leaves. The cataphylls are inserted on very short internodes, the 
foliage leaves on very long ones, so that the former may easily be 
overlooked and the phyllotaxy appears distichous in P. piperotdes. 
In D. poeppigit the intercalary cataphylls have fused to become vaginae 
(Fig. 2a); this is also true for P. platycaulon and P. surinamense. In 
P. paradoxum, two pairs of cataphylls are followed by two pairs of 
foliage leaves; then again two pairs of cataphylls, and so on. The 
lowest of a pair of these cataphylls is quite basal, the upper pair 


inserted at approximately equal distances to the foliage leaves above 
and below. 
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In P. fendlerianum two or three pairs of intercalary cataphylls follow 
upon each other, after which a pair of foliage leaves; then again a 
sequence of cataphylls, and so on. Approximately every third pair 
consists of foliage leaves, we might say, the others being cataphylls. 
Again the first pair of such a cataphyll series is basal, the others more 
evenly spaced between successive pairs of foliage leaves. The situation 
here differs from that in P. paradoxum only in that in the former one 
pair, in the latter two pairs of foliage leaves are inserted between two 
successive series of cataphylls. If it is true, as Trelease suggests, that 
that these names belong to different sexes of the same species, this 
would be an interesting case of sexual dimorphism. It is unfortunate 
that the two species have not been collected very often, so that the 
question cannot at present be clarified. 


Fig. 13. P. pauciflorum, pistillate, Kuijt 1521. — a. Four secondary spikes in fruit 
the primary ones having fallen away (x 4). — b. Teratological spike with single 
terminal, pedicellate flower (x 7). 


In the types of intercalary cataphylls mentioned sofar, only the 
foliage leaves subtend inflorescences. Cataphylls are not always sterile 
in other species, however. In P. craspedophyllum (Fig. 15d), for example, 
we find two pairs of cataphylls between every two successive pairs of 
foliage leaves, as in P. fendlerianum. The first pair of cataphylls is 
basal and sterile; the second, about midway between the foliage 
leaves, subtends inflorescences. The latter occur also in the axils 
of foliage leaves. The most advanced condition is seen in P. 
crassifolium (Fig. 14). Here the distance between two successive pairs 
-of expanded leaves corresponds to one season’s growth. ‘Three or four 
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Fig. 14. Diagrammatic representation of the succession of inflorescences on a 
branch of P. crassifolium (x 14/,). Based on Williams & Assis 6879, UC. 


pairs of cataphylls are usually inserted along this length. The basal 
pair again crowns a very short internode, and is invariably sterile. 
The remaining cataphylls, as well as the foliage leaves, subtend 
inflorescences. In basipetal direction we therefore find portions of the 
main axis with successively more advanced inflorescences: first, a 
section with only inflorescence buds in the axils; then, fully developed 
inflorescences; finally, inflorescences in fruit and, in the axils of their 
prophylls, new inflorescences. The inflorescences axillary to foliage 
leaves always correspond in age to the inflorescences directly below. 
I shall later have occasion to return briefly to P. crassifolium, as it 
offers other points of interest. 

From my own observations it seems that in those species of Phora- 
dendron which possess intercalary cataphylls, the vegetative laterals 
bear at least as many as the sterile ones found in sequence on the main 


me 
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axis. In P. piperoides there are usually 1-5 pairs on lateral branches 
(Figs. 3b and 6a) occasionally up to 8 or 9 pairs (UC 142083). I have 
not as yet seen critical specimens of other types except P. crassifolium 
which has as few as one sterile pair of cataphylls on some vegetative 
laterals, as many as 4 or 5 on others. There are many species, of 
course, which have one (e.g. P. liga, P. herbert-smithii, P. martianum) 
or two (e.g. P. quadrangulare) pairs of cataphylls on lateral shoots, and 
none on the main axis. 

It would indeed be very interesting to know at what age these 
types of heterophylly first appear. I suspect intercalary cataphylls to 
be absent from the juvenile aspect of plants which at maturity have 
them. This is only a suggestion, however, and only those botanists 
acquainted with the species in the field are in a position to supply 
such data. This also applies to that group of Phoradendra with a 
dichasial (‘“‘dichotomous’’) habit: from mature branches it is impossible 
to say whether such plants can develop intercalary cataphylls, because 
the axis terminates in an inflorescence. Only in young plants can be 
seen whether or not these cataphylls are a feature of the species. 

Scale-leaves Reduction of leaf size is a very common feature in 
parasitic flowering plants. We see it conspicuously in Cuscuta, in 
Cassytha, in Balanophoraceae, Orobanchaceae, Lennoaceae, Rafflesi- 
aceae. It is rather rare in Santalaceae (Chorethrum, Daenikera, Phacellaris) 
and among the parasitic members of Scrophulariaceae (Lathraea), and 
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Fig. 15. Heterophylly and inflorescence position. Cataphylls and inflorescences 
= drawn in fo — a. Trelease’s “Percurrentes”’ (cf. P. piperoides, Fig. 3b). 
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b. P. paradoxum. — c. P. fendlerianum, P. fanshawei, and possibly P. jenmanii. — re ee 
it craspedophyllum. — e. P. crassifolium (cf. Fig. 14). 
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is known from Myzodendraceae in Myzodendron subgenus Gymnophyton. 
In Loranthaceae some genera are completely squamate (Arceuthobium, 
Eubrachion, and Korthalsella). Others have one or very few scale-leaved 
species (Phrygilanthus aphyllus; Viscum minimum, V. articulatum, Ve 
capense). Phoradendron also has several squamate species, and Dendro- 
phthora seems predominantly scale-leaved. 


e ® 


Fig. 16. Basal area of the spike of D. biserrula, Kuijt 1532 (x 8). Reconstruction 
of the vascular system and optical section. Only the nearest series of bundles is 
drawn fully; other bundles are indicated by cut ends only. 


We cannot doubt, therefore, that many of the examples are of 
independent evolutionary origin. Consequently we should be exceed- 
ingly cautious in assessing the squamate character as an index to 
relationship, and should not hesitate to place together scaly and leafy 
species, or make a separation between squamate species, if other 
characters justify such decisions. T'release’s inclusion of P. californicum, 
for example, in his Aphyllae is in my opinion wholly artificial. The 
inflorescence, stamens, phyllotaxy and host range of this species show 
features quite different from comparable ones in the Aphyllae, and 
indeed in the Pauciflorae. Whatever the true position of P. californicum 


be, it can scarcely be where Trelease places it on the basis of its squa- 
mate habit. 
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There are, as far as I know, four species of Phoradendron with scale 
leaves: P. californicum, P. juniperinum (incl. P. ligatum and P. libocedri) 
P. fragile, and P. tunaeforme. 'Trelease places the first two in the Boreales; 
the last two in the Aequatoriales as they possess cataphylls on both 
lateral and percurrent axes. The fact that the cataphylls in these two 
species are fused and tubular like those of many leafy species seems to 
imply that the development of cataphylls and that of scale leaves 
are separate phenomena. 

In the genus Dendrophthora there are a large number of squamate 
species. Of these may be mentioned D. biserrula, D. domingensis, D. 
opuntioides, D. gracilis, D. cupressoides, D. squamigera. 

Perhaps the more interesting species, however, are those which 
have greatly reduced foliage leaves still larger than scale leaves. It is 
possible that in such species the same evolutionary processes are still 
at work which in others have already achieved the squamate habit. 
In some of these “intermediate”? species we may discover a gradient 


Fig. 17. Lateral view of cleared section of fertile internode of D. flagelliformis, 
Fuertes 374, U (x 8). 
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Fig. 18. a. Sclereid fields in the bracts of P. piperoides (x 15). — b. Sclereids 
from the spike of D. biserrula, Kuijt 1532 (x 150). — c. Cluster of sclereids in the 
spike of D. biserrula, Kuijt 1532 (x 150). 


in leaf size. Following a lateral branch of D. paucifolia (Fig. 5) we 
find after the prophylls first a pair of cataphylls. The next pair of 
appendages, however, is suddenly the largest on that branch. From 
there on to the terminal inflorescence there is a steady decline in the 
size of leaves until the last ones are quite scale-like. The same pattern 
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holds true for D. bisertata. Now it is interesting that a very closely 
related species, D. biserrula, seems to be in an even later stage of leaf 
reduction. It is commonly known as a completely squamate species. 
When one has the opportunity to inspect a young plant (Fig. 4a), 
however, the same gradient of leaf size is found for the base of a plant 
of this species, as that outlined for a branch of D. paucifolia. The 
lowest leaves are very small (cotyledons do not persist). Above these 
small scales, expanded though small foliage leaves suddenly appear, 
becoming smaller at the higher nodes until only scale leaves remain. 

It again appears, therefore, that the development of cataphylls and 
reduction of foliage leaves to scale-leaves are two distinct evolutionary 
processes. The former seems to progress in an acropetal, the latter in 
a basipetal direction in the plants just mentioned. Indeed, the fact 
that many species have both cataphylls and foliage leaves shows the 
independence of the two processes. The circumscription of the concepts 
cataphyll and scale leaf on pp. 508-509 will now perhaps be better 
appreciated. 

Entirely different patterns of heterophylly are, however, possible. 
In D. grisebachi we find series of 1—4 pairs of fully expanded foliage 
leaves near the base of the plant, and sometimes also higher up, 
immediately below the terminal inflorescence. These upper foliage 
leaves are separated by scale leaves from the foliage leaves at the 
base of the plant. No gradient occurs here. This is also true for D. 
flagelliformis where the base of the plant has large leaves which are 
suddenly, without transitional forms, replaced by scale leaves when 
we approach the inflorescences. 

Any attempt to ascribe function to the cataphylls of the Phora- 
dendreae appears doomed to failure by the very multiplicity these 
organs demonstrate in*prominence, position, and frequency. It is easy 
to say that in P. crassifolium each series of cataphylls and that in D. 
costaricensis the basal cataphylls of lateral branches create a certain 
amount of space in which the inflorescences can better fulfill their 
function. At least some species of Phoradendron are entomophilous and 
a more prominent position of the spikes could amount to a real 
advantage. But what possible function could the majority of cataphylls 
have, supported as they.are by internodes so short as to not provide 
any extra space whatsoever? Especially in such a case as D. poeppigit, 
a leafless species, the basal cataphylls could not be of any significance 
in this regard. The same seemingly inconsequential consistency and 
variation are to be seen in the petal positions of the flowers of these 
genera, a topic to be discussed in the next section. 


IJ. ORGANOGRAPHY OF THE INFLORESCENCE 


The inflorescence of the Phoradendreae is basically a succession of 
internodes with scale-like leaves arranged decussately. One or more 
termina! internodes are fertile; at least one, frequently several inter- 
nodes above the prophylls are sterile. Flowers are arranged in “flower 
areas” each topped by a single apical flower above each scale-leaf of 
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the fertile internodes, not truly axillary thus but rather distributed 
along the internode. The flowers are completely sessile in cup- or 
collar-like outgrowths on the axis of the inflorescence. ; 

EIcHLER (1868) recognized three general types of inflorescences in 
Phoradendron which were delimited on the basis of the seriation of 
flowers. The first, the ‘2 x 2 type’, had on one side of each fertile 
internode two series of flowers topped by a single, apical flower which 
stood exactly above the subtending bract. In the second, the “2 x 3 
type’’, the apical flower was followed by a median, longitudinal series 
of flowers occupying the space between the two lateral series. In 
Eichler’s third category we find elaborations of the second type into 
the “2 x5, 2.Ku/y.and2 x Ostypes’’>) which, can ‘besvisualizcdaby 
adding two, four and six additional lateral series to the three series 
of the previous (“2 x 3’) type. These three categories are used by 
Eichler as aids to description, not as natural taxonomic groups. His 
remarks on the inflorescence of Dendrophthora are very incomplete. 

VAN TiEGHEM (18960), on the contrary, made a taxonomic sub- 
division of each of the two genera on the basis of inflorescence 
morphology alone. In Phoradendron he recognized four sections. 
Section Hexanthum consists of species having only six flowers per fertile 
internode, one pistillate for each of the four lateral series, and one 
apical, median, staminate flower above each of the two _ bracts. 
Section Tetrastichum conforms to the remainder of the “2 x 2 type” 
of Eichler (to whom van Tieghem does not refer), with lateral series 
having more than one flower, except that the apical flowers are said 
to be staminate, the lateral ones pistillate. In section Hexastichum we 
find those species having three series of flowers above each bract, 
staminate and pistillate flowers being present in each series. Finally, 
section Polystichum contains those species having more than three 
series above each bract; this section can thus be equated to Eichler’s 
third type. 

A similar subdivision was proposed for Dendrophthora. Section 
Diantha unites all species having not more than two flowers, one above 
each bract, per internode. In section Disira this one flower per bract 
is followed by a single series of varying extent, each series containing 
staminate and pistillate flowers. The plants of section Hexasira develop 
three series of flowers per bract, each series having several flowers. 
In those cases where sexual dimorphism of inflorescences occurs, the 
staminate inflorescence, having the greater number of flowers, 
determines taxonomic position. In addition the new genus Distichella 
was segregated, differing from Dendrophthora in being distichous, and 
containing the species D. opuntioides and D. gracilis. 

I shall not waste many words on Van Tieghem’s taxonomic 
contentions; indeed Ursan (1896) has already pointed out the 
unnaturalness of such groups. When so much morphological variation 
is subordinated to so few characters the resulting taxonomic system 
can only be artificial and unworkable. 

Morphologically, Eichler’s three categories are fairly useful. Eichler 
was, however, poorly acquainted with North American species; 
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furthermore, the inflorescences of Dendrophthora are not incorporated, 
or at most fit very awkwardly into his scheme. Van Tieghem’s sections 
are, In my opinion, as bad morphologically as taxonomically. Further- 
more, they are based on inaccurate observations and/or incomplete 
material. For example, the facts of sex distribution along a fertile 
internode which are implied for P. latifolium (= P. piperoides) in the 
section Tetrastichum are demonstrably incomplete or wrong; although 
they may possibly hold for other species. I have little choice, therefore, 
but group the inflorescences of Dendrophthora and Phoradendron in a 
manner which I consider more logical. Like Eichler, I do not wish 
such a scheme to be primarily a taxonomic one. 

I wish to point out first a few features which are not taken into 
account in the classification below. The first of these are the number 
of fertile internodes per spike, and the number of flowers per series. 
These two features I know to vary greatly within some species, or 
differ between some closely related species and should, on the whole, 
perhaps not be taken too seriously. The distribution of staminate 
and pistillate flowers along an internode may be a constant character 
at the species level; but it would be difficult to incorporate such data 
in a general typology, not in the least because they are difficult to 
ascertain from herbarium material. In fact, the inflorescence types 
outlined below should not be adhered to rigidly, as different types 
are sometimes present on one inflorescence. 


Type la. Apical flower followed by 2 lateral series; median series 
absent- By far the most common type in Phoradendron especially in the 
Aequatoriales; in the Boreales known only from P. californicum. In 
Dendrophthora it is found regularly only in D. aequatoris +). Sometimes 
found together with the next type, even on the same inflorescence 
(e.g. P. tonduzii). Where flower position is consistent, the apical flower 
is 2/,, all flowers of the lateral series 1/, ?). This is true for P. demerarae 
(Jenman 2546); uniformly in P. racemosum; in P. anceps (U 031029) ; 
in P. tonduzii when the median series is wanting; and in D. aequatoris 

K). In others, however, though the apical flower always seems to 
be 2/,, the lateral flowers may be quite irregular in position. This 
applies especially to the plants of P. piperoides which I have seen at 
Puerto Limén, Costa Rica. Here lateral flowers, though often 4/3, 
are also frequently bipartite, and then usually 1/; (Figs. 6b and c). 
The regularity which ErcHLeR (1868, see Tab. 31, ser. I, Fig. 1) 
implies for P. piperoides (P. latifolium) in any case 1s not evident in all 
plants of this species. 


1) J seriously doubt the appropriateness of Trelease’s assignment (without any 
discussion) of this species to Dendrophthora. Indeed, Urpan (1897) described it as 
Phoradendron aequatoris, and clearly spoke of a bilocular anther dehiscent by two pores. 

2) J am following Ercuter (1868) in the denotation of flower position. As a 
rule flowers are tripartite. When one perianth member of a flower is distal on the 
internode and the two others are inserted below, the flower position 1s said to 
be 1/, (e.g. the apical flower of Fig. 7c). When the opposite occurs we speak of a 
2 position (e.g. the apical flower of Fig. 7b). 
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It needs to be pointed out here that an inflorescence showing only 
three flowers (one median and two lateral) per bract cannot auto- 
matically be placed in this category. It is the position of the fourth 
and following flowers which is significant here. Where, as in the 
staminate spike of P. juniperinum, the fourth flower has a median 
position the inflorescence clearly belongs to the next, the Ib type. 
In P. californicum fertile internodes having four or more flowers per 
bract are exceedingly rare; and for this reason a rather outstanding 
feature of this species has remained undescribed. Where we do find 
a luxuriantly developed plant (e.g., Monnet 1128, Remy s.n., 
staminate, P; and Alexander, Kellogg and Carter 2002, pistillate, K), 
the fourth and later flowers of each bract are located in the lateral 
series. P. californicum, therefore, apparently alone in the Boreales, has a 
la inflorescence. 


Type lb. Above each bract flowers are inserted in three series, 
one median and two lateral. This type is found predominantly in 
the Boreales, e.g. in all species north of the Mexican border with the 
exception of P. californicum. It is also very common in the Aequatoriales. 
In addition, I have seen it in the following species of Dendrophthora: 
D. costaricensis (Figs. 8b and d), D. buxifolia (staminate), D. chryso- 
stachya, D. clavata, D. elliptica, D. epiviscum, and D. subtrinervis. 

Flower position in this type shows some interesting features some 
of which may here be recorded. In the staminate inflorescence of P. 
pauciflorum the apical flower is 2/,, all others rather uniformly 1/5 
(Figs. 10c and d). The pistillate inflorescence of the same species bears 
only one flower per bract, and this flower strangely enough usually 
has the 4/, position (Fig. 2b).°The (bisexual) spike of D. costaricensis 
(Fig. 8b) behaves like the staminate one of P. pauciflorum, though 
with occasional irregularities. In P. tonduzii (staminate), where usually 
three series are found per bract, all flowers are !/, where the median 
series reaches up to the apical flower. It frequently happens, however, 
that the first one or more median flowers following the apical flower 
are absent, the median series being resumed below. In such cases 
the terminal flower commonly is 2/,, all others 4/,; in other identical 
situations all flowers are 1/, (Figs. 7b and 7c). The inversion of the 
apical flower is reasonably consistent, however, and was already noted 
by ErcHLeR (1868). 

In some species, especially in the larger Boreales (e.g. P. macro- 
phyllum, Fig. 10a), the three series of each bract quickly loose their 
identity: the basic triplet pattern is not repeated regularly, flowers 
occur at irregular positions until no series can be recognized at all. 
The two flower areas of an internode may even coalesce below, 
flowers evidently being produced by a continuous intercalary meri- 
stematic ring at the base of the internode. The position of even the 
apical flowers of such spikes seems to be quite irregular. 


Type 1c. ‘This is really a modification of the previous iypes. 2. 
4, or 6 additional lateral series per bract being added. I have seen 
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very few of such inflorescences and Eichler mentions only P. tomentosum 
and D. clavata as having 5 series per bract. 

In the D. clavata specimens at Kew (Hartweg 1044, Triana 2780, 
4584, Holton 658, Tracey 119, 470, Balls 5730, Fendler 1114) I have 
seen only the |b type, though with occasional irregularities. The 
type is not otherwise known from Dendrophthora. In P. calyculatum 
(staminate), 9 series are originally present above each bract (Fig. 1 1b). 
From the beginning both flower areas are coalesced and not separable. 
The series retain their identity for some distance downwards, but 
eventually become confused. Other species included in this type are 
P. falcatum and P. robinsonit. In the latter species (Pringle 9467, K) 
the lower flowers of an internode seem to be arranged in helices, a 
phenomenon also faintly discernable in P. calyculatum (Fig. 7b) and 
P. macrophyllum (Fig. 10a). Again, in these species there seems to be a 
continuous ring of florigenic meristem at the base of such internodes. 
Flower position in P. calyculatum is at first regularly +/, but becomes 
irregular when seriation does. P. tomentosum and D. clavata (both 
5 series per bract) are shown as being 1/, throughout in the Flora 
Brasiliensis, but I have not seen any material of P. tomentosum. In the 
D. clavata specimens cited above flower position was frequently 
irregular but otherwise 1/9. 


Type 2a. Flowers in a single median series only; therefore two 
series per internode. This is perhaps the most common type in 
Dendrophthora (e.g. Fig. 4b). It is not known from Phoradendron. 
Only in P. jenmanii (Ayliffe 14320, K) the inflorescence sometimes 
approaches this type. Often there are only 2 flowers of the basic 
triplet pattern in this species, the second flower apparently “taking 
advantage’’ of the absence of the third, and being developed towards 
a more median position, and sometimes directly below the apical 
flower. There is, however, so much variation in these features in 
P. jenmanii that the species cannot truly be accepted in this category. 

Flower position in this type shows a remarkable consistency : only 
the 1/, position is found. I have seen no exceptions to. this rule. 

In very large staminate inflorescences of D. domingensis (Fuertes 
1857, U) and D. remotiflora (v. Turckheim 2916, U) this median series 
sometimes proliferates laterally somewhat at the very base of the 
internode, so that a third or even a fourth series develops. Occasionally 
these additional series are in an intermedian position as in type 2c 
(see also below). 


Type 2b. This type is really a unique modification of 2a, to my 
knowledge found only in D. ternata. Again, a single median series 1s 
present; but instead of being decussate the bracts (as well as the 
foliage leaves) occur in alternating whorls of three. There are therefore 
three series of flowers per internode. All flowers are */: (Fig. 9). 


Type 2c. Flowers in four series per internode. One median series 
is found above each bract; in addition, there 1s one series above each 
sinus, or line of fusion, of the bracts. The latter series we may refer 
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to as intermedian series (Fig. 7d). Strangely. enough these intermedian 
series sometimes begin at a higher point on the internode than the 
median one, and also stop earlier. Flower position is 1/, throughout 
(Fig. 7d). I know this unusual type regularly only from two closely 
allied species of Dendrophthora, D. sessilifolia and D. tetrastachya. 

There are species of Phoradendron which at first glance seem to belong 
in this category. In P. platycaulon, for instance,.only three flowers 
develop per bract, one flower in each of three series. The apical 
flower is staminate and falls away very early. When the two other 
flowers (or four per internode) mature into berries, the scar and 
shallow cup of the apical flower is almost completely obliterated 
(Fig. 7a) and the inflorescence appears truly tetrastichous. On closer 
examination it can be seen, however, that these berries are in a lateral 
and not in a median or intermedian position. 

It must be admitted that some of URBAN’s (1896, pp. 284-285) 
remarks are disagreeable to the above typology. For a number of 
species Urban here describes irregularities which I have not seen, or 
at least not to the same degree. I have spoken of lateral proliferation 
in D. domingensis and D. remotiflora under type 2a. Urban reports the 
same for D. biserrula and D. squamigera, and even more conspicuously 
for D. lindeniana, D. gracilis, and D. opuntioides. Similar irregularities 
are cited for D. buxtfolia, D. chrysostachya, D. elliptica, and others. 
I have seen lateral proliferations of this sort in D. gracilis (collector 
illegible, K) in D. opuntioides (Nicholl 55, K); but I have not seen 
the aberrant situations in D. lindeniana (Fendler 1113, K), or in any 
species with a 1b inflorescence. I wish to put on record a few collections 
of the latter type where, in contrast to Urban’s observations, I have 
seen no irregularities: D. buxifolia (Wright 220, 221, p.p., K), D. 
epiviscum (Wright 221 p.p., K), D. chrysostachya (Lechler 1927, Balls 
7265, K), D. elliptica (Gardner 437, 5727, Glaziou 3642, 6894, 8726, 
17023, K). Among these aberrant forms Urban also lists D. sessilifolia, 
which I have placed under type 2b because of the regular intermedian 
series (Wright s.n., 1301, K). To what extent teratology here plays a 
role cannot as yet be decided. I suspect, however, that most of these 
irregularities are comparable to the ones discussed under type 1b. 


Sex distribution on inflorescences 


The identification of staminate or pistillate flowers from herbarium 
material is usually very difficult, if not impossible. Not only the small 
size of both flowers and anthers, but also the occurrence of prominent 
vestigial gynoecia make sex determination difficult unless fresh or 
preserved inflorescences are at hand. My statements on this topic 
are therefore partly based on indications in the literature which may 
not always prove entirely reliable; or the original author may have 
underestimated variability in this respect. Field observations can add 
much important information here. 

There are many species, first of all, which exhibit a strictly dioecious 
distribution. This dioeciousness does not correspond with any known 
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taxonomic boundaries. It is true that all of Trelease’s Boreales are 
dioecious; but such species are also known from more southerly 
areas, in the Aequatoriales (according to Trelease, P. wattii is 
dioecious), and also in some species of Dendrophthora (e.g. D. domin- 
gensis, D. opuntioides). 

Both staminate and pistillate spikes sometimes grow on the same 
plant. An example of this is D. clavata. 

Bisexual spikes are present in both the Aequatoriales and in Dendroph- 
thora. Within a single spike there may be a great constancy in the 
positions of staminate and pistillate flowers. In the Phoradendron cited 
by Trelease under P. polygynum (Fendler 1104) the lowest fertile 
internode bears staminate flowers only, all others pistillate ones. A 
similarity is seen in those inflorescences of D. clavata, which have one 
staminate and one pistillate internode, the latter being terminal. 
D. clavata appears to be unique in having such bisexual as well as 
completely unisexual spikes of each sex, even on the same plant 
(Hartweg 1044, K). Karsten (1859) claims that the apical flower 
above each bract of his P. polygynum is staminate, all others pistillate. 
In P. platycaulon (Fig. 7a) and others a similar pattern is present 
(see under inflorescence Type 2c.). D. costaricensis has not one, but 
three staminate flowers at the apex; strangely enough the oldest 
pistillate flower just below opens before the apical staminate flower 
on the same internode. In other species yet, such as D. biserrula, the 
lowest flowers are staminate, the upper ones pistillate. 

Unisexual spikes can usually be easily distinguished from those of 
the opposite sex. The staminate spike always bears more flowers per 
internode, and sometimes more internodes per spike. These features 
can be seen in almost any of the North American species (P. pauci- 
florum, Figs. 10c and.10d; P. macrophyllum, Fig. 10a), but often also in 
Dendrophthora, for example D. buxtfolia, D. opuntioides, D. domingensis, 
and D. constricta. As far as | am aware the staminate and pistillate 
spikes always are of the same type, though in the case of pistillate 
spikes with one flower per bract this can only be inferred. 


Inflorescence and flower position 

A few words may be said on the position of inflorescences on the 
plant. The most common situation is that which can be followed in 
Figs. 12a, 12b, and 13a for P. pauciflorum. Here inflorescences replace 
primary lateral branches, secondary spikes develop in the prophylls 
of primary ones, etc., in regular succession. Inflorescences of higher 
than the fourth order (P. chetrocarpum) are not known to me. Where 
intercalary cataphylls are present this regular sequence is interrupted, 
the lowest of the intercalary cataphylls being sterile in all cases. In a 
rather large number of species of Phoradendron (P. henslovii, for example) 
and in D. poeppigii shoots terminate in inflorescences, two lateral 
branches grow out at the base of such a spike, and a dichasial 
“compound inflorescence” is obtained (Fig. 11a). Thus a habit results 
differing from that of Viscum album only in the presence of two pairs 
of cataphylls on each lateral branch. 
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Indeed, there are many other instances where we may speak of 
compound inflorescences, where spikes are arranged in a constant 
pattern and together form a unit. P. crassifolium (Fig. 14) certainly 
is a case in point: the space between two successive pairs of foliage 
leaves forms a reproductive unit which is recreated annually. It is 
interesting to see that the spikes of this species are inserted somewhat 
above the cataphylls, and not truly axillary; perhaps this displacement 
is comparable to that of flowers by an intercalary meristem to the 
strange position they occupy in the spikes? Another type of compound 
inflorescence is very common in Dendrophthora: a shoot apex is replaced 
by a spike, and all laterals, instead of continuing vegetative growth 
as in the dichasial types mentioned above, also become spikes which 
arrange themselves symmetrically around the main axis (Fig. 5 for 
D. paucifolia; otherwise found in D. cupulata, D. epiviscum, D. biserrula, 
D. flagelliformis, and many others). In D. biserrula this symmetry is 
carried to such an extent that the two spikes developing from one node 
frequently are exact mirror-images (Fig. 4b), berries and flowers 
being present in precisely corresponding positions. Perhaps we can 
also think of D..cupressoides as having compound inflorescences: in this 
species the apical meristem of the spike simply retains its activity, and 
soon branches into ordinary vegetative growth (Fig. 8c). In the speci- 
men of D. tetrastachya at Leiden (v. Tiirckheim 3108) several inflores- 
cences have continued into a second inflorescence, built on top of 
the old one (Fig. 7d). In the Kew specimen of the same collection, 
however, nothing of the sort is in evidence, so that I do not know 
whether the Leiden specimen is teratological. To teratology must 
perhaps also be relegated. what TRELEASE (1916) calls P. puperoides 
f. composita, with ‘‘a somewhat branched spike in some cases’. I have 
not seen the specimen in question (Ule 4800) but I assume it to be 
of the same type as that of P. dimidiatum as illustrated in Fig. llc. 
Here a small lateral spike occupies the place of each apical flower 
(even prophyll-like structures may be seen) of the main inflorescence. 
Interesting is also the inflorescence of P. pauciflorum drawn in Fig. 13b 
where the apical meristem of the spike has formed a pedicellate flower; 
and the D. constricta spike (Wright 220b, K) which, like the spikes of 
D. cupressoides, continues into a normal vegetative branch. 

We may finally return briefly to the question of flower orientation, 
surely one of the most puzzling features of the Phoradendreae. Eichler, 
however hesitatingly, has speculated on the underlying causes of the 
consistencies and differences in the positions of floral segments. ‘he 
ideas about torsion of flowers prevalent in those days are now, however, 
known to be without adequate factual basis or at least greatly over- 
simplified. The causal mechanism of phyllotaxy is nevertheless a 
matter of continuing controversy (WARDLAW, 1952), though experi- 
mental work is unearthing interesting new facts. 

It must be remembered, however, that the flowers of the Phora- 
dendreae originate under conditions quite different from those of 
subapically formed organs. Most importantly, these flowers are 
traceable, not to an apical meristem, but to an intercalary one. All 
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except perhaps the apical flowers are formed just above the mature 
scale leaf. Which of the surrounding organs, whether bracts or older 
flowers, determines flower orientation remains a matter of conjecture. 
Even more puzzling is the variable position of the apical flower of 
P. tonduzit; for here it often appears as if the apical flower by its position 
(*/2 or ?/,) determines the presence or absence, respectively, of the 
next few flowers of the median series. The apical flower in P. juni- 
perinum and P. pauciflorum (which also have 1b inflorescences) is, on the 
contrary, of a */, position. When such discrepancy is found between 
two species having the same type of inflorescence we can scarcely 
make any generalizations as to the dynamics of flower position. Indeed, 
a more detailed study of the origin of flowers is needed before any 
hypothesis can be constructed. We shall have to know, for example, 
whether in a 1/, flower the apical perianth member is initiated before 
the others, or all three simultaneously. Until then we can do no more 
than draw a few general conclusions, though admitting the existence 
of exceptions: 


1. a single median or intermedian series has flowers of a 1/5 position. 


2. in type la, the apical flower is most commonly 2/,, those of the 
lateral series 1/,. 


3. if seriation is complete in 1b, all flowers are of the 4/, position. 


These three points may be combined by saying that flower position 
in general is 4/,, with the exception of the apical flowers of la 
inflorescences which are 2/,. 


4. there seems to be a necessary relation between regularity of 
seriation and regularity of flower position: if seriation deteriorates, 
the position of floral segments also becomes irregular. 


5. the dominant positional effect perhaps emanates from the flower 
immediately above the one under consideration. This is indicated 
by the constancy of flower position in lateral series whether a 
median series is present or not; and by the apparent relation 
discussed under 4. 


In the following part of this paper the vascular structure of the 
inflorescences of Phoradendreae will be discussed, and its evidence 
brought to bear upon the question of flower position. 


Ill. Anatomy 


The only previous anatomical work relevant to this study is 
contained in York (1913), who described the vascular structure of 
the inflorescences of D. gracilis and D. opuntioides. His observations 
will be introduced below; be it pointed out here, however, that the 
species studied by him have inflorescences with only a single median 
floral series (Type 2a). It cannot be surprising, therefore, that those 
inflorescences which differ greatly from York’s species in external 
morphology are also different anatomically. Indeed, when considering 
the facts presented in previous pages it will at once be apparent that 
the remarks of the present section can be little more than exploratory. 
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I have attempted to study the vascular structure of several types of 
spikes, and with varying degrees of thoroughness. None of the 
descriptions below can claim finality or completeness; each represents 
a reconstruction or interpretation based on sectioned material, or 
cleared spikes, or both. 

The vascular structure of the flowers appears to be rather uniform. 
The staminate flowers receive from the axial stele a single trace for 
each perianth segment. This vascular strand branches several times, 
the ramifications stopping well within the limits of the perianth 
segment (Fig. 10b). The sessile anther has no visible vascular supply 
whatsoever, a feature also found in other Viscoideae: Arceuthobium 
(Jounson, 1888), Viscum album (Tuseur, 1923), and Korthalsella 
(MexeL, 1935). The central cushion is also without vasculation. 

The pistillate flower, in addition to such a vascular structure has 
a number of slender strands emerging from the very base of the 
flower and together forming a sort of spindle which is open towards 
the floral apex (Fig. 12c). Smrr# and Smrrx (1943) state that from ten 
to twelve traces are present in the pedicel of P. villosum, but I have 
not seen any material of this species. In P. pauciflorum the inner strands, 
which probably are of a carpellary origin, are held apart by a collen- 
chymatous cup situated immediately below the ovarian papilla or 
mamelon. I have not been able to determine the exact origin of the 
“carpellary” traces, as they become exceedingly slender where the 
flower connects with the stem. The spindle formed by them delimits the 
space later occupied by the endosperm and embryo; indeed, these 
bundles form a conspicuous and beautiful silvery pattern against the 
dark green background of the endosperm when the seed is mature 
(this is also true in Viscum album: see Tuxserur, 1923, Fig. 64). 
Irregularly branched sclereids are present in a halo-like zone in the 
perianth of the pistillate flower only, but are absent from the remainder 
of the spikes of P. pauciflorum. 

In other species of the Phoradendreae, however, sclereids are very 
abundant, and indeed can render observation of the vascular structure 
impossible in some cleared material, as in D. biserrula. In this species, 
as well as in D. costaricensis, a cortical zone about midway between 
the heavily cutinized epidermis and the stele contains a very great 
number of sclereids. They are somewhat branched and lobed, show 
an abundance of pits, and usually occur in small groups (Fig. 18b 
and c). They appear to retain a living cytoplasm and normal nucleus 
long after their secondary walls are heavily lignified in D. bdiserrula. 
In P. piperoides the clusters of sclereids are very large in the flower- 
bearing parts of the inflorescence. In the bracts of the same species 
sclereids occur in actual solid fields between the vascular traces of the 
bracts (Fig. 18a), each field uniting many scores of sclereids. Sclereids 
may also develop in the pith, as in D. biserrula and D. costaricensis. 

The stomata, as typical in Loranthaceae, are transversely oriented 
on the stem. All superficial cells are covered with a thick cuticle. I can 
add no more details of the non-lignified tissues except that druses are 
frequent, especially in the outer cortical region of many species. I 
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have seen fiber-caps on vascular bundles only in the peduncle of 
D. biserrula. The xylem elements vary greatly in length, and have 
secondary helical thickenings which tend to coalesce in the shorter 
elements. Evidence of stretched and obliterated elements is to be found 
especially in the oldest xylem of the base of a fertile internode. Most 
xylem elements appear to be vessel members with single terminal 
perforations. In the xylem of P. californicum there are short bulging 
vessel members each of which contains a large druse, a cell-type 
which is not known to me from any other plant. The vascular bundles 
are of the collateral type, but sometimes a group of small cells in the 
position of internal phloem reminds one of the bicollateral bundles 
known from Viscum album (Tupeur, 1923). 

It is now necessary to recapitulate Yorx’s (1913) work on the 
vascular anatomy and floral ontogeny in the spikes of D. opuntioides 
and D. gracilis. According to him, 6-14 bundles enter the spike from 
the main axis, these bundles being arranged in a dictyostelic way. 
‘There is no interfascicular cambium. The first fertile bracts receive 
one trace each, leaving the majority of the bundles to enter the lowest 
fertile internode. Here, as two parallel rows, they run essentially 
unchanged into the second fertile internode. In the meantime, 
however, several branches have been given off. From near the base 
of the internode, the two bundles closest to each bract (thus together 
four bundles) give rise to traces which ramify somewhat and are said 
to terminate in the swollen collar which surrounds the flower. These 
same four bundles supply three traces for each of the two flowers 
(Yorx’s Figs. 7 and 8). I have not myself been able to use material 
of York’s species. Nevertheless, I cannot accept his description 
without question; it makes an altogether too simple impression. Be 
that as it may, York’s description corresponds only partly with my 
own observations on other species. 

The earliest sign of flower development, according to York, is a 
bulging out of the periblem of the axis some distance above the axil 
of the fertile bract. The collar now expands rapidly, almost burying 
the young flower in the axis. ‘“T'wo cycles of floral segments develop 
acropetally on the young axis of the flower. The outer consists of 
three parts, which are the segments of the perianth; while the mner 
is composed of two segments, the carpels. The perianth completely 
covers the apex of the floral axis before the carpels have begun to 
develop. The two carpels arise as distinct primordia, and upon 
elongating inclose the moundlike apex of the floral axis between them. 
At this period of development the flower is still sunken in the axis of 
the spike, and its various parts are clearly distinct from one another. 
The apical growth of the floral axis is never active, and the outer 
region, composed of torus and the basal portion of the carpels, now 
grows rapidly, and thus the axis with the narrow ovarian cavity 
about it becomes deeply sunken within the torus.” (Yorx, 1913, p. 97). 

Again, I cannot add to or criticize this description. In my own 
work I have seen young flowers of several stages, but none of these 
show the acropetal development, or the longitudinal extension of 
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floral elements while covering the floral apex. Nor have I seen the 
near-burial of young flowers. Instead, in D. biserrula, the embryonic 
flowers appear more active than the collar. In even the youngest 
flower with distinct floral elements, the latter were closely appressed 
and in fact scarcely separable. Is it possible that we are here faced 
with a unique floral ontogeny through schizogeny (cleavage) ? This 
seems a fantastic suggestion, but we must keep in mind that Loran- 
thaceae are structurally aberrant in many ways. My own work does 
not allow critical observations, but the question is obviously one of 
great interest. 

It is in any case true that the vascular bundles of the young flower 
have to be fitted onto a stelar organization which already exists. Even 
by the time the archesporium becomes recognizable in the staminate 
flowers of D. biserrula (when the flower begins to emerge above the 
bract) the flower is still without mature xylem elements. 

It is perhaps most logical to consider first two species which have 
the same (2a) inflorescence which York’s species had. Both of these 
species have a fairly large number of flowers per bract. The first, 
D. biserrula, has only a single fertile internode; the second, D. flagelli- 
formis, up to a dozen fertile internodes per inflorescence. 

The peduncle, or sterile internode, of the spike of D. biserrula contains 
six, but sometimes five or seven vascular strands arranged in a cylinder 
(Fig. 16). A single trace leads into each bract. Partly because of the 
varying number of bundles in the peduncle, and partly because of 
the density of sclereids there, I have not been able to ascertain the 
exact origin of the bra¢teal strands. It is certain, however, that they 
do connect with the stele at that point, and do not run down alongside 
it independently as York stated for D. opuntioides and D. gracilis. 
The percurrent bundles become extremely slender when entering the 
fertile internode. By this time they have aligned themselves into two 
series which are approximately parallel, an arrangement which persists 
and becomes more obvious in older parts. The traces leading into 
the flowers spring from the outermost bundles of each series. In addition 
a few small strands radiate out into the areas between the flowers. 
They do not branch and are difficult to follow because of their 
irregular course and slenderness. It is possible that these strands 
correspond to York’s “collar traces’’. Since they are not, in D. biserrula, 
specifically directed towards the collars, this terminology is here 
inappropriate. Except for the percurrent bundles, no vasculation 
occurs below the rim of the bracts. Procambial strands diverging 
from the stele and extending towards the flowers can, however, be 
distinguished in this region (broken lines). 

In the spike of D. flagelliformis a rather startlingly different organi- 
zation prevails. The fertile internodes of this species are frequently 
flattened in the median plane of the subtending bracts. A portion of 
a cleared fertile internode is illustrated in Fig. 17. The skeletal system 
must be thought of as a double series of vascular bundles, one series 
partly obscured by the nearest. In the central part of the stem two 
strong percurrent bundles are present. These have only occasional 
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and irregular connections with the remaining vascular system, and 
run into the next higher internode. On either side of this central 
pair of bundles there is a complex and highly irregular reticulum of 
slender bundles which ramify and anastomose. Some terminate within 
the spaces of the reticulum, others near the margins of the flattened 
stem, but always such vein endings are slightly thickened. A conspicuous 
aggregation of these vein endings may be seen in the floral cup, not 
only at the floral pedicel, but also in all other areas of the cup, even 
in its very margin. Because of the extreme slenderness of floral traces 
I have been unable to establish their precise origin, but I assume the 
connections are with some of the aggregating bundles of the reticulum. 
Although the majority of the veinlets below the flower point in its 
general direction we can obviously not speak cf a vascular supply 
exclusively associated with the flower. The most central part of the 
reticulum shows a more consistently longitudinal direction. The 
reticulum is continued well into the following bracts. This, in turn, 
makes it difficult to discern the course of the bundles in the transition 
zone of the next internode. Each of the percurrent bundles forks while 
giving rise to a single median tract for the bract above it. In addition 
to the resulting four percurrent bundles a few very slender ones of 
the reticulum pass into the next internode. A fusion cf some of the 
lateral bundles must somehow take place in the transition zone, as a 
pair of central percurrent bundles again is present in the next inter- 
node, and this pair is arranged in a plane at right angles to the 
corresponding plane of the previous internode. 

We find in this species, therefore, a remarkably deviating axial 
structure which seems to be an elaboration of the more simple situation 
as seen in D. biserrula. It might be mentioned in passing that the stelar 
concept has little significance in such structures (cf. also P. californicum), 
as a stele can scarcely be delimited. We can only conjecture as to the 
functional meaning of the reticular aggregation of bundles near the 
flower. Could the floral cup here in its early stages somehow function 
as a placenta for the flower? 

The fact that these two species are congeneric with D. costaricensis 
would lead one to suppose that this species, although instead of a 2a 
inflorescence it has a 1b type, might also show a reticular skeleton of 
some sort. This supposition turns out to be quite incorrect. The vascular 
structure of the spike of D. costaricensis does not appear to be appreciably 

_different from that of the staminate spike of P. pauciflorum, which is to 

be discussed below. A feature which is more fully developed in the 
former species, however, is the vasculation of the first bracts. Three 
traces, often branching, supply these organs in D. costaricensis; in P. 
pauciflorum this number is usually, but not always, reduced to one 
median trace only. 

Six bundles enter the first fertile internode of the staminate spike 
in P. pauciflorum (Fig. 10e), these being arranged in two parallel 
series of three each. The central percurrent bundle of each series 1s 
the largest. The large median gaps above the axils of the bracts are 
formed by the departing median bracteal traces below. If any lateral 
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traces are present in the bracts they emerge from the other four gaps. 

In a general way the origin of the vascular supply of the flowers 
corresponds to the origin of the bracteal bundles. The bundles leading 
from the median flowers connect to the two bundles delimiting each 
median gap. The traces leading from lateral flowers combine with 
these same bundles or with the percurrent bundles, according to the 
position of the floral segment involved. : 

The representation in Fig. 10e is, of course, highly diagrammatic, 
and is in reality rarely materialized. It is fairly common that, instead 
of six, five or seven bundles enter the fertile internode. The two 
bundles above each bract frequently fuse at points between two 
successive median flowers. In such areas a transection of the spike 
reveals four main bundles, each of the four gaps issuing traces to the 
lateral flowers in a cruciform overall pattern. Finally, the four 
terminating bundles occasionally show a very slight, upturned 
connection with the percurrent ones. It is of some interest that not all 
traces depart from longitudinal bundles in the usual upward direction: 
some turn downward slightly, and appear as if welded onto the larger 
bundles. 

In any case, only two large, percurrent bundles are in evidence 
just below the next bracts. The departing median trace of each bract 
there divides each percurrent bundle into two, making four in all. 
However, in the next internode we find six bundles again arranged in 
two series, but these series at right angles to the corresponding 
configuration of the internode below. In the nodal area, therefore, 
a fusion must have taken place reconstituting a pair of percurrent 
bundles. Se 

The pistillate spike of P. pauciflorum bears only one flower per bract. 
The four non-percurrent traces may fuse into two bundles soon after 
giving rise to the single bracteal trace, judging from a lateral view 
(Fig. 12c). There are four bundles discernible in a transection just 
below the flowers. The floral traces issue from both the median and 
the percurrent bundles. The latter run to well above the floral pedicles 
and terminate abruptly just below the aborted apical meristem. The 
pistillate spike can thus easily be visualized as a simplified version 
of the staminate one, both externally (reduction in number of flowers) 
and internally. 

In P. juniperinum the staminate fertile internode is extremely short, 
and the floral traces radiate out from just above its base. The skeletal 
structure is essentially the same as that in P. pauciflorum, however, 
differing only in being greatly condensed. Except for the floral traces 
and the percurrent bundles which terminate in a rather broad vascular 
fan below the inflorescence apex, no vascular bundles are visible in 
the fertile internode. 

Although we have already seen that P. californicum differs in many 
details of external morphology from other northern species of Phora- 
dendron, it is nevertheless surprising to find its internal structure to be 
of such a greatly different organization. A central stele of percurrent 
bundles is again present in the pistillate spike. It is partly obscured, 
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however, by a rather dense thicket of ramifying slender bundles which 
appears to extend throughout the cortex, forming a reticular cylinder 
around the central stele. This reticular cylinder is present also in the 
basal sterile internode of the spike (perhaps even in normal vegetative 
internodes?) and reaches from above the subtending bracts into the 
next bracts. It is visible even in the most distal portion of the spike 
just below the aborted apex. It ramifies also into the floral cups, but 
does not there from the aggregates known from D. legelliformis. The vein 
endings are slightly swollen. The entire reticular cylinder can be 
visualized as a three-dimensional version of the reticulum of D. 
flagelliformis. In cleared spikes one can also detect the more consistently 
longitudinal direction of the slender interior veins of the reticulum. 
Floral vasculation appears little different from that seen in other 
Phoradendreae. 

We find thus in the few species here discussed an entirely unsuspected 
variation in the anatomical composition of the inflorescence. Species 
which usually have been regarded as closely related (P. juniperinum, 
P. californicum) may show great internal differences. On the other hand, 
a species of one genus may not differ appreciably in this regard from 
one of the other genus (P. pauciflorum, D. costaricensis). 

We are also disappointed in our hopes to find in the anatomical 
construction of spikes clues to the dynamics involved in flower 
orientation. In P. pauciflorum, for example, it would be quite simple 
to make a “‘workable”’ model of the vascular structure if all flowers 
were differently oriented. In short, there appears to be no necessary 
relation between stelar structure and flower orientation. Here, as in 
the organographic aspects of this study, the very diversity of structure 
prohibits general morphogenetic explanations. 


IV. CONCLUDING REMARKS 


I have frequently referred to the inflorescences of Phoradendreae 
as spikes. This is in accordance with ErcHLER’s (1868) discussion as 
well as RirckeTt’s (1955) recent definition. Eichler regarded the apical 
flower of a flower area as comparable to a primary lateral axis, the 
lateral series of the la and 1b types to accessory (secondary) laterals. 
Type lc can easily be derived from 1b. Both types 2a and 2b fit into 
Eichler’s hypothesis. It must be admitted, however, that inflorescence 
2c provides difficulties in this regard, as the intermedian series 1s 
neither median nor lateral; it appears to represent an entirely new 
development. 

The only doubt which, in my opinion, can be thrown upon Eichler’s 
thesis is provided by the vascular reticulum seen in different forms 
in D. biserrula, D. flagelliformis, and P. californicum, to which can be 
added York’s “collar traces” in D. opuntioides and D. gracilis. Could 
it be that in reality we are faced with a more complex inflorescence 
of which these reticular bundles are vestiges? Are the fertile internodes 
really internodes, or does each flower in reality represent a node? 
It seems to me that such an hypothesis has little support. Although 
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the “collar traces’’ of York are said to supply the collar, there is no 
such exclusive relation between reticular bundles and floral cups in the 
species at my disposal. The facts of floral ontogeny (as far as known) 
and the consistently decussate phyllotaxy within spikes appear to be 
quite sufficient to discount any such hypothesis. I believe we have 
before us, in these reticular stelar proliferations, a most convincing 
example of a case where the vascular structure is anything but 
conservative. The teratological specimen of P. dimidiatum in Fig. Ile 
also lends support to Eichler’s interpretation, as here a lateral axis 
takes the place of the apical flower, and is supplied with prophylls. 

The inflorescence of the Phoradendreae is perhaps not as unique as 
it seems. Eichler already drew attention to the staminate inflorescence 
of Gnetum where the flowers also appear to arise from a ring-like 
intercalary meristem. VAN TIEGHEM (18962) also refers to the longi- 
tudinal seriation of flowers in Korthalsella (Viscoideae), where we may 
think of one median and two lateral series of one flower each per bract. 
In Notothixos (Viscoideae), an inflorescence unit terminates in a fertile 
internode which has about five flowers per bract, arranged ina typical 
2a fashion. To conclude on the basis of such a similarity that Notothixos 
is closely related to Phoradendreae would indeed be incautious, as 
evolutionary convergencies abound in the Viscoideae (see below). 

We can discern in the evolution of these inflorescences, as inferred 
from structural details, the evolutionary processes of reduction and 
elaboration in action simultaneously. Surely we must regard the serial 
flower production and the vascular reticulum as an elaboration upon 
simpler situations; and just as certainly does heterophylly, and the 
reduction of the anther to an evascular sessile pollen sac or pair of 
pollen sacs indicate reduction. To single out reduction phenomena 
as the main evolutionary processes surely does not apply in the 
Phoradendreae, as the main tribal characteristic is one of elaboration 
(i.e. seriation of flowers). 

The present work is not intended as a taxonomic study. Nevertheless, 
it has certain taxonomic implications. The fragmentary nature of 
my observations, however, precludes even a partial revision of the 
two genera involved. 

Yet it will be advisable, in my opinion, to look at the subgeneric 
organization of Phoradendron in a manner influenced as little as possible 
by Trelease’s treatment. I am convinced that the primary division of 
the genus into Boreales and Aequatoriales, even if it will turn out to 
be a natural one, is at least incorrectly or incompletely defined. The 
northerly squamate species cannot logically be placed in either 
subdivision, as all their scale leaves could be regarded as cataphylls. 
Such species as P. calyculatum and P. falcatum are nearly indistinguish- 
able morphologically except for one pair of basal cataphylls in the 
latter. If D. aequatoris turns out to belong in Phoradendron (cf. footnote, 
p. 545) it will further embarrass the system, as the species is without 
cataphylls, yet can scarcely be represented as an Ecuadorian member 
of the Boreales! In Dendrophthora there is at least one species (D. 
buxtfolia) which may or may not have basal cataphylls, differing in 
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this regard even within one plant. In Dendrophthora, therefore, the 
occurrence of cataphylls does not appear to follow lines of affinity. 

In his lower infrageneric organization Trelease has made a 
chaotic confusion between artificial keys and natural groups. He 
obviously regards these lower divisions as taxa, since he provides each 
with a formal latin name as well as with a diagnosis, and even with 
geographical data. Yet I think except for later nomenclatural problems 
these subdivisions should be regarded as nothing but portions of an 
artificial key. An example will support my argument. P. jenmanii is 
described (p. 85) as a member of “20.Rigidae’’. Yet we find it again 
in the key to “F. Continuae, III. Percurrentes’”’ (p. 143) and even 
for a third time in the key to “IV. Dichotomae”’ (p. 156). In a similar 
way P. obliquum and P. laxiflorum can be discovered in the keys of 
three different subdivisions. Surely such groups cannot be held to be 
natural units! It is unfortunate that, because of the formal diagnosis, 
future nomenclature is chained to Trelease’s names of these sub- 
divisions; but taxonomic concepts should not be led astray by them. 

In particular, this study has pointed out the necessity of removing 
P. californicum from the position given to it by Trelease. It differs 
from its sympatric species in details of phyllotaxy, inflorescence type, 
inflorescence anatomy, and ecological and host preferences which, 
taken together, make a reconsideration of its taxonomic position 
inevitable. Such a reconsideration is futile, however, until the entire 
genus can be critically revised. The position of P. californicum has 
important nomenclatural implications as it is the type species of 
Phoradendron. 

If any feature is conspicuous in the previous pages it surely is the 
occurrence of evolutionary parallellisms, or convergent evolution, in 
the structure of Phoradendreae. It is one of the major aspects of 
orthodox taxonomy to weigh such apparently parallel developments, 
and to decide which coincides with natural taxonomic boundaries. 
It is perhaps useful, therefore, to list the most conspicuous conver- 
gences in the Phoradendreae: 


1. the occurrence of basal cataphylls 

2. the lb type of inflorescence 

3. dioecious and monoecious species are present in both genera 
4 


the position of the first pair of appendages following, and in 
relation to the position of the prophylls of lateral axes 


= 


the squamate habit 
dichasial branching 
7. reticular stelar elaborations in the spike. 


ek 


In the face of these convergences which appear not to be related 
to taxonomic lines of affinity one naturally is reminded of the slightness 
of the character which distinguishes Phoradendron from Dendrophthora, 
namely the bilocular as contrasted to the unilocular anther. It could 
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well be that this distinction will one day have to be abandoned; 
that entirely new boundaries will have to be established in accordance 
with several of the points listed above and that, in turn, the staminal 
features will come to be regarded as a convergent evolutionary 
character which has arisen independently in more than one group. 


SUMMARY 


Heterophylly is frequent in Dendrophthora and Phoradendron, and may take many 
forms. The concepts prophyll, cataphyll, and scale-leaf are briefly discussed and 
defined as to usage in the Phoradendreae. Various morphological details of patterns 
of heterophylly, flower orientation and seriation, fusion of prophylls, phyllotaxy, 
sex distribution and inflorescence position are traced as far as the available material 
permits. A typology of inflorescences in these two genera is proposed, based on 
flower seriation. 

Anatomical observations on a few species of both genera have revealed striking 
and unsuspected structural differences between the inflorescences of some seemingly 
related species, but also similarities which cross the intergeneric boundary. The 
discovery of ‘‘extra-stelar’’ vascular proliferations in some species of both genera 
is of particular interest. 
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LIST OF PHORADENDREAE REFERRED TO IN THE TEXT 
(those illustrated provided with *) 


DENDROPHTHORA 
D. aequatoris (Urb.) Trel. D. glauca (Griseb.) Eichl 
D, brseriata Urb. D. gracilis (DC) Eichl. 
D. biserrula Eichl.* D. grisebachi Eichl. 
D. buxifolia (Lam.) Eichl. D. lindeniana v. Yiegh. 
D. chrysostachya (Presl) Urb. D. nipensis Urb.* 
D. clavata (Benth.) Urb. D. opuntioides (L.) Eich. 
D. constricta (Griseb.) Eichl. D. paucifolia (Rusby) Kuijt 
D. costaricensis Urb.* comb. nov. a 
D. cupressoides (Macf.) Eichl.* D. poeppigu v. Tiegh.* 
D. cupulata (DC) Eichl. D. remotiflora Urb.* 
D. danceri (v. Tiegh.) Krug Urb. D. sessilifolia (Griseb.) Krug Urb. 
D. domingensis (Spreng.) Eichl. D. squamigera (Benth.) Kuntze 
D. elliptica (Gardn.) Krug Urb. D. subtrinerovts Urb. 
D. epiviscum (Griseb.) Eichl. D. ternata Urb.* 
D. flagelliformis (Lam.) Krug Urb.* D. tetrastachya (Griseb.) Urb.* 


PHORADENDRON 


. liga (Gillies) Eichl. 

ligatum cf. juniperinum 

. macrophyllum (Engelm.) Cocker.* 
. martianum ‘Trel. 

. minutifo’ium Urb. 

. obliquum (Presl.) Eichl. 
paradoxum Urb.* 

pauciflorum ‘Yorr.* 

paucifolium = Dendrophthora 
piperoides (HBK) Trel.* 
platycaulon Eichl.* 

polygynum (Karst.) Eichl. 
quadrangulare (HBK) Krug Urb. 
racemosum (Aubl.) Northrop 
robinsonit Urb. 

. scaberrimum ‘rel. 

. serotinum (Raf.) M. C. Johnston* 
surinamense Pulle 

. tlacolulense Loes. 

. tomentosum (DC) Gray 

tonduzu Trel.* 

tunaeforme (DC) Eichl. 
uspantanum ‘Trel. 

. velutinum (DC) Trel. 

. villosum (Nutt.) Engelm. 

. wattii Krug Urb. 


. aequatoris Urb. 

. anceps (Spreng.) Gomez de la Maza 
aureum ‘Trel. 

bolleanum (Seem.) Eichl. 
brachystachyum (DC) Trel. 
califernicum Nutt. 

calyculatum Trel.* 

chetrocarpum Trel. 

. craspedophyllum Eichl.* 

. crassifolium (Pohl ex DC) Eichl.* 
demerarae Trel. 

densum Torr. ex Trel. 

. diguetti v. Tiegh. 

. dimidiatum (Miq.) Eichl.* 

P. falcatum Eichl. 

P. fanshawei Maguire 

P. fendlerianum Eachl.* 

P. flavescens = serotinum* 

P. fragile Urb. 

P. galeottii Trel. 

P. globuliferum Trel. 

P. henslovii (Hook. f.) Robinson* 
P. herbert-smithii Trel. 

P. jenmanii Trel.* 

P. juniperinum Engelm.* 

P. laxiflorum Ule 

P. libocedri cf. juniperinum 


POPU TST TUTTI TUT 


PO TEAE MU AUDEN PD TO TUDES PET UTD TUT TD TTD TU TDD 


1) Phoradendron paucifolium Rusby, Bull. N.Y. Bot. Club 6: 510. 1910. This 
recombination has apparently never been made. The isotype at UC (WILLIAMS, 
1530) shows it to be closely related to D. squamigera, and I therefore do not hesitate 
to make the transfer although I have not seen the anthers (cf. Fig. 5). 
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PALYNOLOGY OF THE “UDDELER MEER” 
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VELUWE IN PREHISTORIC AND EARLY HISTORIC TIMES 
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the Netherlands ) 
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INTRODUCTION 


In 1948 VAN ZINDEREN BAKKER published a paper entitled “‘Palyno- 
logical and Stratigraphic Research on Bogs on the Veluwe”, in which 
an account is given of most of the bogs found in that part of the 
country, and in which the ‘“‘Uddeler Meer”’ too is dealt with. With 
regard to this sheet of water the author says that he obtained the 
impression that the deposits showed a pollution due to human 
activities. He also studied the “‘Bleeke Meer’, | km to the north of 
the ““Uddeler Meer’, where he obtained a series covering the Preboreal 
and Boreal periods. 

As VAN ZINDEREN BAKKER had taken his samples only along the 
banks of these sheets of water, the present author thought that it would 
be worth while to extend the investigation to deposits found in the 
centre of the latter. Thanks to the kind cooperation of Messrs Ir. E. 
Reinders and Ir. A: J. Lanz, who have the supervision of the Royal 
Crown Lands as foresters of this area, she could make use of a raft 
belonging to the swimming pool situated in the “Uddeler Meer, 
and move it to various parts of the latter. Sampling was done from 
this raft by means of a Dachnowsky auger. In this way she could 
sample 4 m of the organic mud under a cover of circ. 2.45 m water. 

The “Bleeke Meer” originally was filled with peat; inifact/sat 
derived its name (‘“bleck” means pale) from the Young Sphagnetum 
which formed the uppermost layer. The peat has been removed, 
only a small island being left, and on the latter the entire deposit 
down to the subsoil was sampled. The “Bleeke Meer” started with the 
same sediment and at the same time as the ‘‘Uddeler Meer”, but 
being less deep, the mud became in due time covered with peat. 
Records of the “Bleeke Meer” will be published at a later date. 


SITUATION AND ORIGIN OF THE “UDDELER MEER” AND OF THE 

““BLEEKE MEER” 

The two sheets of water are situated in an outwash plain between 
two sand ridges (Fig. 1); to the north and to the south inland dunes 
occur. As the map (Fig. 1) shows, the region is very poor In surface 
water; (the sheets of water in the northern part are remains of the 
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former Zuiderzee, which originated from a transgression of the 
North Sea in early historic times). A hundred years ago the area was 
entirely covered with heather; nowadays there are still large stretches 
of heath, but a great part of the latter has been reclaimed or has been 
planted with pine. 


© Hattem 
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Herderwijk 


Apeldoorn 


@ Barneveld 


—E 4 RAN 6 
Biowele Geomorphological map of the northern Veluwe. (after MAARLEVELD) 
1, 2, 3,6: Ice pushed ridges 
4 :  Outwash plain 
5: Inland dunes 
U :  Uddelermeer 
B :  Bleeke Meer 


Until a short time ago geologists assumed that both sheets of water 
are Sdélle or pseudo-Sdlle (kettle-holes), i.e. that they originated 
either from dead ice of the Riss period or from holes blown out by the 
wind during the Younger Dryas period. Lorie (1910) considered the 
‘‘Uddelermeer”’ as a deep scour hole in a bend of a Fluvioglacial river. 
Recently, however, MAARLEVELD (1955) came forward with another 
interpretation. According to him, these circular depressions in the 
landscape are remnants of pingos dating from the Wiirm Glacial period. 
Such a pingo owes its origin to the hydrostatic pressure of the ground 
water, and the crystallization force of ice. This causes faults with the 
result that the ice mass comes to the surface where it partly melts 
during the summer, the water running down the slopes in the form of 
rivulets. The pingo therefore is enclosed by a crater-like ridge. Depres- 
sions of this kind occur nowadays in regions with a permanently 
frozen subsoil, and such a permanently frozen subsoil was present in 
the Netherlands during the Wiirm Pleniglacial period. 
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_ The ridges round the ‘‘Uddeler Meer” and the “Bleeke Meer” are 
rich in gravel. The eastern part of the bank of the “Uddeler Meer” 
has been heightened artificially; this is the horseshoe-shaped ‘‘Hunne- 
schans” (Fig. 2), which dates from the first centuries of our era. 

In both sheets of water the sedimentation of organic mud started in 
the Older Dryas time, which is in accordance with the conception 
that they came into existance in the Wiirm Pleniglacial period. 


Tos | D) fo) 500 M 


Fig. 2. Map showing the shapes and also the ridges around ‘‘Uddelermeer’’ and 
“Bleeke Meer’’. (after MAARLEVELD) 
1: Ridges 
2: Valleys and depressions filled with residual material 
H: Hunneschans 


MeETHODS 

As mentioned before, sampling was done with a Dachnowsky auger 
from a raft and under a water layer of circa 2.45 m. The deeper 
layers of the deposit are rather stiff and dry, but upwards the mud 
becomes thinner and thinner and finally it becomes so thin that the 
youngest deposits could not be sampled. All the samples contain drift 
sand, especially at the bottom and at the top. VAN ZINDEREN BAKKER 
(1948) mentions the presence of erratic sandgrains in the greater part 
of the samples he obtained from different localities on the Veluwe. 
He comes to the conclusion that sanddrifts occurred there throughout 
the whole Post-Glacial period. 

The material was treated with HF, acetolysed and stained with 
fuchsin. Counting was done with Zeiss Neofluar objectives, which 
give very clear pictures. For difficult pollen identifications a phase- 
contrast immersion-objective was used, with the help of which the 
genera of the cereals could be determined. 

Since the work of Frrpas (1937) it has become possible to dis- 


550 B. POLAK 


tinguish the pollen of cereals from that of wild grasses. Secale cereale 
in most cases could be set apart by its shape, but Triticum, Hordeum 
and Avena originally were undistinguishable. With the phase-contrast 
method it turned out that there is a marked difference in sculpture. 
Hordeum often has an undulated contour, the small granules on the 
surface being rather wide apart. In Triticum the granules are arranged 
in an irregular pattern, and several of them are fused. In the annulus 
large dark spots occur which owe their origin to such fused granules. 
Avena again has a regular pattern with large granules. In Secale too 
the arrangement of the granules is regular, but the latter are very 
minute. The same minute granules occur in Elymus arenarius, but here 
they are wider apart; as in other large pollen grains from wild grasses, 
the cell wall is thinner than in the cereals, and the annulus also is 
thinner and less protruding. 

When I had nearly completed my manuscript, I became acquainted 
with an article by Uprtcarp Groune (1957) in which she describes 
similar observations, and in which the different patterns of sculpture 
are illustrated by clear pictures. She also distinguishes the shape and 
pattern of the-annuli, and indicates how the pollen of wild grasses 
can be distinguished from that of cultivated ones. 

In order to obtain a clear insight into the changes which took place 
in the vegetation, several hundreds to over a thousand grains of 
arboreal pollen were counted pro sample, and most of the non- 
arboreal pollen grains were indentified too. The textbook of FAEcRI 
and Iversen (1950) and a rather extensive collection of recent pollen 
grains proved indispensable. 

The zonation of JEssEN“as* described in the textbook mentioned 
above, is applied here. 


STRATIGRAPHY 


_ At four places samples were taken. The main section is represented 
in Diagram 1, and the three additional ones may serve to complete the 
image created by first one. Diagram 1 covers the main part of the 
series, from Dryas 1 to the Subboreal period. Sections (diagrams) 
11 and mt were sampled to obtain more details with regard to the 
bottom layers. The sedimentation started in the Older Dryas time, 
but a Bolling oscillation could not be detected. Diagram vi and vir 
are from the more recent layers. The deposits gradually become very 
thin; they could nevertheless be sampled up to the Subatlanticum. 

In future more details will be given with regard to samples ob- 
tained from below the deepest point of the ““Uddeler Meer”, which 
was found after the other sections had already been investigated. 
In the “‘Bleeke Meer” a very fine Late-Glacial mud was found; in this 
mud the Allered layer shows a sharp contrast in colour with the 
sediments of the two Dryas times. 

All the sediments of the ‘‘Uddeler Meer’ were deposited in water; 
they contain besides pollen and spores, plankton Algae, fragments of 
aquatic Crustaceae and other animal residues. 

In section 1, below a depth of 6.20 m the subsoil could not be 
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penetrated by the auger. It consists of a very coarse gravelly sand. Up 
to approximately 4.90 m the sediment is a gyttja; from there on it 
changes gradually into a dark brown dy. Especially the Late-Glacial 
samples have a greenish-grey colour, and contain lime. The colour 
caused by the presence of Chlorophyceae, shines as a green haze through 
the grey or brown. In the Allerod layers the primary colour is olive, 
which in Zone mt again grows paler, although the green undertone 
persists. Lime disappears already in the Allerod. 

The transition of gyttja into dy is very gradual, so that in Zones 
vi-vui the colour of the sediment and also of its KOH extract becomes 
dark brown. 


Description of Section (Diagram) I 


Nrs 1-3 
Olive-green; Cladocera, Protococcales, colonies of Cyanophyceae (Gloeotrichia?), Hypnaceae. 
No 4 
Colour brownish; more Hypnaceae than in 1-3. 
Nrs 5 and 6 
Greenish; Cyanophyceae (Gloeotrichia?), less Hypnaceae 
Nrs 7-10 
Cyanophyceae, less Cladocera, less Hypnaceae 
No 11 
Radicels and epiderms of Monocotyledons, Hypnaceae, Cyanophyceae 
No 12 


Hypnaceae, one leaf of Sphagnum, radicels, epiderm of Gramineae, no Cyanophyceae, 
Pinnularia (250 p) 
: No 13 
Radicels, Hypnaceae, microphyllous Sphagna, div. species of diatoms (Navicula) 
No 14 
Radicels and epiderms of Cyperaceae, shells of Cladocera, mandibles of Arthropoda, 
Hypnaceae, microphyllous Sphagna, leaf fragments of Dicotyledons (Betula?), wood- 
vessels of Betula, some diatoms (Navicula) 
No 15 
Same as 14, but with Rhizopoda (Centropyxis type) 
Nrs 16 and 17 
Radicels and epiderms of Cyperaceae; Hypnaceae and microphyllous Sphagna; Cladocera 
shells; mandibles of Arthropoda; diatoms rather abundant 
No 18 
Radicels and epiderms of Gramineae and Cyperaceae; Hypnaceae and microphyllous 
Sphagna; leaf fragments of Dicotyledons; Cladocera and mandibles of Arthropoda; 
diatoms (Pinnularia and smaller species) 
Nrs 19 and 20 
Rather coarse, with much detritus; radicels, Hypnaceae and microphyllous Sphagna, 
woodvessels Betula, diatoms 
No 21 
Same, but with more diatoms (Pinnularia) 
Nrs 22 and 23 
Same, but with less diatoms 
No 24 
Same, but with few diatoms; spiculae of Spongilla; radicels and epiderms abundant 
(Phragmites) ; hairs of Nymphaeaceae; needle leaf of Pinus; animal remains 
No 25 
Fibrous; vessels, epiderms, humus flocks, few Cladocera, charcoal, some Hypnaceae, 


Cenococcum geophilum 
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No 26 

Same; Cyanophyceae rather abundant, spiculae of Spongilla, diatoms 
Nrs 27, 28 and 29 ; 
Less fibrous, flocks of humus ; Cyanophyceae, more Hypnaceae, more Cladocera, mandibles 
of Arthropoda, spiculae of Spongilla, charcoal, Cenococcum 
Nrs 30 and 31 

Same, but more diatoms and less Chlorophyceae and Cyanophyceae; Thelypteris sporan- 
gium filled with spores, moss sporangium, Microchaete? (Cyanophyceae) 

No 32 
Detritus and humus, radicels, Cladocera, sporangia and setae of Hypnaceae, charcoal, 
Microchaete?, hairs of Nymphaeaceae ++, spiculae of Spongilla 

No 33 
Same, more Spongilla 

No 34 
Same; oospores of Chara —, Cladocera and other Arthropoda +-, setae and sporangia 
of Hypnaceae, petioles of Ceratophyllum with hairs, hairs of Mymphaeaceae, Microchaete? , 
Spongilla and diatoms 

No 35 
Less Chara, Cladocera + +, Ceratophyllum + +, Radicels —, setae and sporangia of 
Hypnaceae, hairs of Nymphaeaceae, Spongilla and diatoms 

| No 36 

Radicels and epiderms —, Chara spores +, setae and sporangia of Hypnaceae —, 
Cladocera --, Copepoda, Cyanophyceae, charcoal, diatoms (Pinnularia), Spongilla +, 
Ceratophyllum hairs—, Cenococcum. 

No 37 
Same, but with less diatoms and Spongilla. 

No 38 
Chara spores +, setae and sporangia of Hypnaceae —, Cladocera +- Cyanophyceae (Micro- 
chaete?), charcoal, diatoms —, Spongilla —, Ceratophyllum petioles and hairs +, 
Cenococcum, clusters of Phycomycetes 


™ -Nrs 39-41 
Same with microphyllous Sphagna, radicels +, less Ceratophyllum, Nymphaea hairs 
Nrs 42-44 
Same, but without Microchaete? 
Nrs 45—50 


Larger residues very scarce, humus flocks, no Ceratophyllum; Ostracoda, Copepoda, 
Cladocera, further as 42—44 


Section II (Diagram II) 

_ As in Section I the subsoil consists of coarse gravelly sand, rich in lime. It is 
situated at a depth of 6.00 m. The first sample taken at a depth of 5.97 m is still 
very sandy and contains hardly any gues Incrusted Chara oospores occur together 
with a network of fungal hyphae and large fungal sporangia. 

No 2 
Same as No 1, with fruit of Carex and seta of a Hypnacea 
No 3 
Finer sand, high content of lime; incrusted Chara oospores +, Cladocera, Arthropoda 
fruit of Carex, Hypnaceae ++ é 
No 4 


Same, less mossess 


No 5 
Same, less mosses, less Chara 


Section III (Diagram III) 


Subsoil at 6.20m, the same as in Section I and II. Samples 2 and 3 with hardly 
any pollen but containing a network of fungal hyphae and sporangia 
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No 4 
‘Transition to organic sediment: incrusted Chara oospores +, Cenococcum geophilum, 
Cladocera and other animal residues +, rhizomes and radicels, Cyanophyceae, 
; Nrs 5 and 6 
Fine sediment, ca 80 % of lime; the same as No 4, Hypnaceae + 


Section IV (Diagram VI, VII) 


The first samples are very wet, semi-fluid. The colour is pale green caused by 
clusters of Algae, such as Scenedesmus, Tetraedron, Pediastrum and Botryococcus. Micro- 
phyllous Sphagna occur, sporangia, setae and leaves of Hypnaceae, Cladocera and 


Tubifex 


Nrs 3 and 4 
Hypnaceae, microphyllous Sphagna, epiderms and radicels, megaspores of Isoetes 
lacustris, Chara oospores, fruits of Potamogeton natans and other Potamogeta, Nymphaea 
seed, sporangia of Fungi, Cladocera, Tubifex and mites. 
No 5 
Same, more radicels and epiderms 


Nrs 6 and 7 
Same, radicels and epiderms +, fruits of Potamogeton natans, P. obtusifolius and 
P. acutifolius 


No 8 
Balls of detritus, radicels, epiderms, megaspores of Isoetes lacustris, setae, leaves, 


sporangia of Hypnaceae, Chara oospores, Nymphaea hairs, sporangia of Fungi, Cladocera, 
Tubifex, Rhizopoda + (Nebela spec.?) 


No 9 
Same, but without Rhizopoda 


No 10 
Same, Rhizopoda ++ (Nebela ?) 


THE DIAGRAMS 

LaTE-GLACIAL (Diagrams 1, 0, m1; Tables 1, 1, m1, rv). As mentioned 
before, the sub-soil 6f gravelly sand is rich in lime, and it contains 
abundant oospores of Chara. With the exception of fungi, other organic 
remains are scarce. The texture of the sand is represented in ‘Table 1. 


TABLE I 
Granular Composition of Subsoil at 6—-6.70 m. 
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The ‘“‘Uddeler Meer’? must have started as a hard water pool in 
which the vegetation was poorly developed and in which Chara 
dominated. Judging from the pollen no phanerogamic marsh or water 
plants were present, but Cyperaceae are well represented, and come next 
to the Gramineae. Striking is the relatively high percentage of liguli- 
florous Compositae; this pollen strongly resembles that of Taraxacum 
(WopEHousE, 1935). Gopwin (1956) mentions finds of fruits of the 
latter from the Full and Late-Glacial and from the early Post-Glacial 
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DIAGRAM I 
Section through Late-Glacial and Post-Glacial deposits. Total diagram in which 


only pollen of aquatic plants is left out of the pollen sum. 
x) single grain, found after counting. 
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in England and supposes that this plant was frequent at that time 
because of the open soil conditions. Its next more or less accurately 
dated appearance in England is in Roman time. In the ‘‘Uddeler 
Meer” too, pollen of the same Taraxacum type came back in the 
youngest layers of the Subatlanticum (1.6 % of the arboreal pollen). 
In BRouwEr’s (1949) diagrams from Drente very high percentages for 
the Compositae are recorded, whilst Havinca in an unpublished 
diagram of a soil series obtained on the bank of the “‘Uddeler Meer’ 
found also extremely high values for this type of pollen. However 
this may be, the samples obtained from deposits just above the 
mineral subsoil show signs of pollen corrosion, and it might be that 
selective corrosion plays a role in the composition of their spectra. 

The samples from the higher strata are in better condition; they 
contain undamaged pollen and large amounts of Chlorophyceae. The 
matrix is a calcareous gyttja, grey in colour with a green shimmer, 
which darkens when exposed to the air. . 

The lower part of Diagram 1, 1 and m (resp. samples 1-5; 3-5 and 
4—6) belong to the Older Dryas time, Zone 1 according to JEss—EN and 
IvERSEN (1950). The ratio of non-arboreal pollen amounts respectively 
to 36-45 % 73-78%; and 67-71 %, Juniperus included. A Belling 
oscillation could not be distinguished in either of the three diagrams; 
possibly the sedimentation started in phase Ic, i.a. after the Bolling 
oscillation. 


Dryas 1 (Diagram 1, u, m, Zone 1). A characteristic feature of 
Dryas I in our diagrams is that the Juniperus curve attains a maximum 
(over 20 °%) in this period, in contrast to the Juniperus curves published 
by Iversen (1954) for Denmark, and by Zacwiyjn (1952) for the 
Alps, which have their maxima at the close of Zone m. These maxima, 
moreover, are much higher. In the records of VAN DER HAMMEN (1951), 
however, Juniperus is well developed in Dryas 1 and, except in 
Usselo c where hardly any difference between the two Dryas layers 
is to be seen, it reaches a maximum in the Older Dryas period. 
It seems probable that the Netherlands diagrams in this respect 
differ from the Scandinavian and the alpine ones. 

Pinus stays low in Zone 1, Betula being the main component of the 
tree pollen. It could not be established whether the latter originated 
from dwarf birches or not, but according to the characteristics of the 
pollengrains, TERAsMA# (1951), a certain percentage may have been 
produced by Betula nana. Be 

Salix amounts to 6 %, in one case to 8 %; the Artemisia curve 1s 
well-developed; it rises to over 5%. Rumex, Plantago, Filipendula, 
Equisetum and ferns are represented in the diagrams, the main producers 
of the non-arboreal pollen, however, are grasses and sedges, the 
Cyperaceae attaining the highest values. No curves were drawn for 
Helianthemum, Sanguisorba, Menyanthes, Populus and Hippophae. The 
numbers of grains found in each spectrum (a few pro mille only) are 
recorded in Tables u, uz and 1v. Equisetum is left out of the pollen sum. 


‘The ALLER@D period is well-developed; it can be distinguished by the 
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naked eye because of its dark colour, which contrasts with the paler 
samples of Dryas1 and un. Right at the beginning lime disappears. There 
is a sharp rise in the arboreal pollen; first of Betula, then of Pinus; 
the non-arboreal pollen falls to 10.7 %. Cyperaceae retreat, and are 
surpassed by Gramineae; Empetrum starts with a few per cent; Juniperus 
decreases and so does Artemisia. 

The Betula-Pinus forests must have been rather dense; in our area 
it is characteristic that Pinus surpasses Betula in the second half of 
the period; at this time it must have grown near the bank as Pinus 
stomata are found regularly in the samples (Table 1). 


Dryas m (Diagram 1, Zone m1) 

As mentioned before, the sediments of the Younger Dryas period 
are pale in colour and free of lime. The rise in the non-arboreal 
pollen, in which Cyperaceae predominate, is sharp. (maximum N.A.P. 
61 9%). Empetrum shows a continuous curve with a maximum ph 319s 
a few grains of Calluna and Vaccinium occur too. Pinus reaches higher 
maxima than in Zone 1; Juniperus stays low, but Artemisia rises again. 
Rumex and Thalictrum show continuous curves with low values; 
Plantago and Filipendula become rare. Helvanthemum, Sanguisorba, 
Menyanthes occur in a few pro mille, Hippophaé is absent and Populus 
disappears in the upper samples. 

Filices show a marked rise in this period. Their frequency shows a 
continuous curve with a maximum of 12 %. The kidney-shaped, 
pitted but naked spores could be identified as belonging to Dryopteris 
linnaeana. Being a terrestrial fern, it is included in the pollen sum. 


SOME RARE SPECIES IN ZONES I, 11 AND I (Tables u, m and Iv). 


Centaurea cyanus was not found in our samples, but of Centaurea 
scabiosa a single grain occurred in Zone 1. IvERSEN (1954) mentions 
it for Zones 1 and Il. 

Cornus suecica, Zones t and m1. This species was first mentioned by 
VAN DER HAmMEN (1951), and it is also recorded by Straka (1952, 
1954) from the Eiffel where it was found in Zone m1. In the Netherlands 
this species still occurs as a relic. 

Circaea (probably alpina). One grain in Zone 1. C. alpina nowadays 
has a wide northern range (HuLTEN, 1950). Lane (1952) mentions 
a find from the Late-Glacial of southern Germany. 

Saxifraga oppositifolia, Zone t and the beginning of Zone 1. IVERSEN 
(1954) found this species in different places in Zones 1 and im. It is 
mentioned by Gopwin (1956) from the Full-Glacial near Cambridge 
and from Late-Glacial deposits in Ireland, and by GorTTLicH 
(1955) from Zone ta of the Federsee. 

Parnassia, Zone 1; mentioned by VAN DER HammeEn (1951) for all 
zones of the Late-Glacial. 

Oxyria, Zone 1; reported by VAN DER HAmMEN (1951) from Zones 1, 
Ir and m1. 

Polygonum bistorta (viviparum, HEDBERG, 1946) Zone 1; mentioned by 
VAN DER HAMMEN (1951) and by Iversen (1954) for Zone m1. 
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Polemonium, beginning of Zone 11; for the Netherlands the first find 
was recorded by Van Zeist (1955) for Haule, Zone 1. In England it 
has according to Gopwin (1956) a wide-spread Late-Glacial range; 
IveRSEN (1954) mentions this species for Jutland in Zone m1. 

_ Ephedra distachya, Zone u. This species was mentioned for the first 

time by Iversen (1951) as one of the steppe elements of the Late- 
Glacial. Since then it was found to be widespread all over Late- 
Glacial Europe. 


GRASSES 


In all our Late-Glacial spectra we found a few grains of grass pollen 
with a diameter of approximately 40 « or more, which cannot be of 
cereals as in many cases the wall is too thin and as the pore is not 
sufficiently prominent. Farcri (1940) mentions the same kind of grass 
pollen from Jaeren, but there it seems probable that it belonged to 
Elymus arenarius. This, however, cannot apply to STraka’s finds in 
the Eiffel (1952) nor to Lane’s finds in south western Germany. The 
““Uddeler Meer’’ too was situated far from the sea shore, and therefore 
it seems highly improbable that Elymus arenarius may have occurred 
there in the Late-Glacial. The pollen might have been from Glyceria or, 
as the characteristics of grass pollen are not yet well investigated, 
from some arctic species to which till now no attention has been paid. 
STRAKA (1952, 1958) supposes that the large grains were produced 
by polyploid wild grasses. If this be so, then it remains unexplained 
why the grasses only showed a tendency towards polyploidy during 
that period. It is not known that other plants produced larger pollen- 
grains in the Late-Glacial. 


ALGAE 

Large quantities of Chlorophyceae, viz. Pediastrum, Scenedesmus, Tetrae- 
dron and Botryococcus colour the deposit. The numbers have been 
counted and are recorded in the diagrams. ‘The counting, however, 
is not very accurate; Tetraedron and Scenedesmus are very small and can 
hardly be stained, so that a considerable percentage may have been 
overlooked. Botryococcus colours very deeply, but the large clusters often 
are broken up, and in this way here too counting is made difficult; 
to a lesser degree this applies also to Pedzastrum. 

The following species occur in the Late-Glacial: Pediastrum boryanum 
f. longicorne Reinsch and f. undulatum Wille, P. duplex Meyen f. rugulosum 
Raciborski. and P. integrum Néageli f. granulata Raciborski. Scenedesmus 
byugatus is abundant and Sc. quadricauda Turpin rare, Tetreaedron 
muticum (A. Br.) is not so abundant as T. minimum (A. Br.) Hansgirg f. 
scrobiculatum. Lagerheim.1) In the diagram the different species are 
treated as one. Cyanophyceae colonies of Gloeotrichia(?) are abundant in 
Zone 1 and occur also in m and m1, but have not been recorded. _ 

As may be seen from Diagram 1, u and m1, Tetraedron attains a high 
frequency in Zone 1 and falls sharply to low values recorded for the 
Zones tt and m1, whereas the other Chlorophyceae maintain high values. 


1) Identification of Algae with: PascHER, Stszwasserflora Deutschlands. 
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Post-GLactAL (Diagrams I, Iv, v, vi and vit; Tables m and v) 


It is customary to make a total diagram of the Late-Glacial, in which 
both trees and herbs are taken into the pollen sum, and the per- 
centages of tree and non-tree pollen are drawn opposite each other 
to give an idea of their ratio. In the diagrams 1 and v1 we have 
continued the total diagram into the Post-Glacial, in order to illustrate 
the effect of deforestation. 

Diagrams tv, v and vu are dissolved classical diagrams made of the 
same section. Diagram v is a “reduced” one; before adding them to 
the tree-pollen sum, the values found for Alnus, Betula, Pinus and 
Corylus have been divided by four, as it is supposed that they produce 
approximately four times as much pollen as the other tree genera do. 
In this way an attempt is made to give a picture of the part played by 
the different tree genera in the composition of the forest (FAEGRI 
and IversEN 1950). In all diagrams Corylus is included in the pollen 
sum. 


PREBOREAL (Zone Iv, Diagram 1). 


Zone Iv is hardly developed: N.A.P. falls to 9.7 %; of the thermo- 
philous trees Quercus is represented by 0.4, resp. 0.5 % 1), Ulmus and 
Alnus are very low; Corylus comes to 15, resp. 17.1 °% and Pinus rises 
sharply to 62, resp. 69 %. Gramineae surpass the Cyperaceae; Pediastrum 
falls to low values, Botryococcus is low, but Scenedesmus retains very 
high values. Cyanophyceae, especially Gloeotrichia(?), are rather abundant; 
star-shaped colonies consisting of Gloeothece-like cells also occur. A few 
pollen grains of Late-Glacial. species are met; Sanguisorba minor, 
Selaginella and Botrychium lunaria are still present. 


BorEAL (Zone v and vi, Diagram I, Iv, v) 


In this section first Pinus and soon afterwards Corylus reaches 
distinct maxima. In the sediment Pznus stomata occur in fair amounts; 
this is therefore the second period in which Pinus grew near the bank. 
Allerod and Boreal are the only periods in which Pinus was an im- 
portant component of the forest. 

Ulmusistartsowithy3.2,(resp.23:4 %, ‘Quercus swith G5; respon 4: 
Tilia rises in Zone vi from a few pro mille to 2.4, resp. 2.8 °%. Calluna 
comes, to 1.7, resp... 1.8i%gthe .N AVP erangesifromio iio Mie 

Towards the end of the Boreal oligotrophic waterplants begin to 
immigrate. A few pollen grains of Littorella, and some spores of Isoetes 
and Sphagnum were encountered. Scenedesmus stays high, but in the 
mass of Scenedesmus byugatus, Sc. quadricauda comes up, and Scenedesmus 
costatus Schmiddle occurs for the first time. 

Gloeotrichia-like colonies are still abundant. 


ATLANTICUM (Zone vu, Diagram 1, Iv, Vv) 


The Atlanticum starts at the intersection of the Pinus and Alnus 
curves. ‘he most striking feature of this period is the relatively low 
height of the Alnus curve, and the fact that it is surpassed by that of 


1) ‘The second figure refers to the classical diagram. 
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DIAGRAM IV 
Classical dissolved diagrams of the Post-Glacial from the same section as in DIAGRAM I 


the Quercus curve. In most other diagrams of the Netherlands Alnus 1s 
the tree which shows by far the highest value. The whole region around 
the ‘““Uddeler Meer’, however, was covered with dry sands; marshes 
and wet places which would favour aldergrowth were at a rather great 
distance (Fig. 1). The peats on which most Netherlands diagrams are 
based, were derived either from bogs grown with Alnus or from bogs 
situated near localities with a favourable environment for this species. 
Even in the province Drente Alnus regularly surpasses Quercus, but 
this area possesses much more wet places and brooks than the northern 
Veluwe. Our diagrams show a great resemblance to those of Jutland 
(IversEN 1941, Jonassen 1950) and to a diagram of north-western 
Belgium (VANHoorne 1951). Mrs. VERMEER-LoUMAN (1934) 
obtained an analogous diagram for the Wieringermeer, and HAVINGA 
for northern Groningen (unpublished). 

Pinus stays low; its highest values are 6.6, resp. 7.8 %; its lowest 
at the end of the period 4.4, resp. 5.4 %; Corylus oscillates round 17, 
resp. 20 %, and shows no maximum. 

Fraxinus increases and reaches a maximum of 2.7, resp. 3 %. Ths 
maximum of Ulmus attains 4.2, resp. 4.8 %; the curve falls to 16; 
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DIAGRAM V 


Dissolved and reduced diagram from the same section as in DIAGRAM Iv, to demon- 
strate the approximate composition of the forest in Post-Glacial times. 


resp. 2 % at the close of the period. A few pollen grains of Fagus are 
found at the same time. Pzcea occurs with one or two pollen grains 
pro slide. 

A gradual rise in N.A.P. is caused mainly by the grasses which 
increase from 5, resp. 6 % to 9, resp. 11 °%. Calluna rises from 1.6, 
resp. 1.8 % to 3.1, resp. 3.7 %, probably on account of the leaching 
of the soil. Viscum and Hedera occur in a few pro mille only; Pteridium 
comes up with low values, 0.8 resp. 1 % at the close of the period. 
Plantago lanceolata was found twice; Rumex occurs regularly with a few 
pro mille, in the three last samples one pollen grain of Hordeum measur- 
ing 42 w was found. 

There is a distinct change in the quality of the water, which becomes 
oligotrophic; the sediment changes into a deep brown dy, very rich 
in pollen. Nymphaea and Nuphar pollen occur together with the 
characteristic hairs of these plants. Potamogeton, Lythrum and Hydrocotyle 
are found; towards the end of the period Ceratophyllum hairs become 
abundant. In the second half of the Atlantic period, Iscetes expands 
rapidly to a maximum of 12, resp. 14 %, Littorella comes up with 
1.5, resp. 1.8%. Sphagnum also rises, but not so much as in peat; 
in our deposits /soetes lacustre plays the role which Sphagnum plays in peat. 
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DIAGRAM VIL 


Classical dissolved diagram of the same 
section as in DIAGRAM VI 


DIAGRAM VI 


Total diagram of the uppermost 
layers. Note the expansion of 
weeds, cereals and Chlorophyceae. 
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As to the Algae, Cyanophyceae of the Gloeotrichia-type disappear, but 
Microchaete-like colonies still occur. Scenedesmus falls to low values, 
and consists mainly of Se. costatus with a few individuals of Sc. quadricauda ; 
Pediastrum is low too; a new species, P. angulosum var. arachnoides, 
appears. Botryococcus, being ecologically less susceptible, shows an 
increase. 


SUBBOREAL (Zone vi, Diagrams I, Iv, V, VI, VI) 

As boundary line between the Atlanticum and the Subboreal is 
taken the level where the ‘‘Ulmus fall’’ sets in. The decline of Ulmus, 
however, is not accompanied by an increase of Fraxinus as it is in the 
Danish diagrams; but this seems to be characteristic for the Nether- 
lands, for WATERBOLK (1954) and VAN Zeist (1955) found the same 
situation. 

Fagus attains a maximum of 2.9, resp. 5 %; a single pollen grain of 
Carpinus occurs. Pinus, Betula, and Corylus stay at the previous level. 

N.A.P. rises gradually to a maximum of 46.6 % and here grasses 
reach the highest values with 18, resp. 33.3 %, Ericaceae follow with 
12.6, resp. 24 % as the highest values. 

As to the aquatic flora, Jsoetes and Littorella increase. Ceratophyllum 
shows a decrease, followed by the Nymphaeaceae. 

The most remarkable find is that of the characteristic pollen of 
Trapa natans in the upper half of the period; here one or two pollen 
grains occur regularly pro slide. Pollen of this species is only found 
rarely. ERptMAN (1943) and Mme Van Campo (1951) give pictures 
based on recent material. Assarson (1927) and Fries (1951) mention 
Trapa pollen from the Atlantigum in South-Sweden and A. PREsSNIKOWA 
(1956) reports that she has found Trapa pollen in gyttja from Latvia, 
in the warmest period, which she puts in the transition phase of the 
Atlanticum to the Subboreal. 

Finds of Trapa fruits from the Post-Glacial and from the Inter-Glacial 
warm periods are frequent. Classical are the studies of ANDERSON 
(1898) and Matmsrrom (1920) for Finland and Sweden. The Post- 
Glacial fossil fruits were found far to the north of the present northern 
limit of the species. Those finds were considered an argument for a 
Post-Glacial warm period or for a continental period. Trapa requires 
summers with fairly high temperature in order to bear fruit. According 
to Gams (1927) its present distribution is determined by three factors: 
it shuns lime, but requires much nourishment and also much heat. 
In North-Germany the northern limit of its area coincides with the 
July isotherm of 18°. Especially the length of the period during which 
the water is sufficiently warm, is important for the development 
of fruits. According to SAMUELSSON (1934) Trapa reached its widest 
distribution in northern Europe at the end of the Litorina period, 
that is to say in the Bronze age. This tallies well with its occurrence 
in the mud of the “‘Uddeler Meer’. 

As recently as 1913, Trapa still grew in Lake Immeln in South 
Sweden. This is a typical “Lobelia” lake; the vegetation consists of: 
Equisetum limosum, Isoetes lacustre and I. echinosporum, Sparganium Friesii, 
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Potamogeton natans, Phragmites, Scirpus multicaulus, Nuphar luteum, 
Nymphaea alba, Myriophyllum verticillatum and M. alterniflorum, Hottonia, 
Littorella and Lobelia. In the mud of the “Uddeler Meer” (Diagram 1, 
v1, Table u, v) several of these species were found in company of 
Trapa natans. 

In the Netherlands finds of Trapa fruits from the Post-Glacial are 
rare and they are not dated. In recent historic times however, Trapa 
still occurred in this country. In the Flora of de GorTER (1781) the 
species is mentioned for ponds and stagnant water. In 1861 OupEMANS 
stated in his Flora that Trapa had not been found in the Netherlands 
since DE GorTER. 

In the “Uddeler Meer” the Trapa pollen disappears in the Sub- 
atlanticum; but whether the species was driven away by a detoriation 
of the climate or by an edaphic alteration in the environment, cannot 
be ascertained. However, considering its present distribution, it seems 
likely that during the period of its occurrence the climate was more 
continental than nowadays. The presence of Viscum points in the same 
direction. 


ALGAE 

No Cyanophyceae of the Gloeotrichia type were encountered, but a few 
colonies of the Gloeothece type occurred regularly. Diatoms were 
scarce. Chara oospores, slightly differing in shape from those found in 
Zone I, are present. 

Botryococcus is high; Tetraedron nearly absent; Scenedesmus is low, 
and consists mostly of the species costata and quadricauda; Pediastrum 
fluctuates. 


CEREALS AND WEEDS 

Since long, the ““Uddeler Meer” has been an attraction object for 
archaeological investigations. As early as 1909, 1911 and 1912 Hot- 
WERDA published the results of his excavations in this region. He un- 
earthed dwelling pits and different kinds of burial sites. No megalithic 
graves were found, but megalithic earthenware and artefacts were met 
within the region. Funnel beakers, beakers with protruding foot and 
especially bell beakers, the latter being characteristic for the Late 
Neolithic of the Veluwe, occurred. It appeared that different cultures 
followed each other and became mixed. The bank and the surroundings 
of the water have been inhabited from Early Neolithic up to Carolin- 
gian times. The well known ‘“‘Hunneschans” is an artificial mound 
erected upon natural sandridges round the lake; it enclosed a Saxon 
stronghold (Fig. 2). 

It was the particular situation of the “Uddeler Meer” that attracted 
prehistoric people. According to VAN DER WaaLs and GLASBERGEN 
(1955), in the Netherlands Neolithic remains are found especially on 
sand hills which formerly were bordered by extensive bogs or by low 
swampy regions and which usually were accessible only by way of 
narrow ridges. For the Beaker immigrants, accessibility, habitability, 
soil type and the presence of an older population, will have been 
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determining factors. Several of these conditions were fulfilled in the 
vicinity of the ‘““Uddeler Meer”, which became a focus of Beaker 
cultures. 

Human occupation is reflected in the diagrams. A gradual rise of 
the N.A.P. coincides with a decrease in the extent of the forest; 
especially the oakforest goes gradually back. However, the curves, 
for forest and herbs undergo some corresponding fluctuations (Dia- 
grams I, Iv, vi and vil), pronounced clearance spectra succeeded by a 
regeneration of the forest, as described by Iversen (1941, 1949), 
could not be established, neither is a temporary progress of birch or 
hazel to be seen. In sample 45, Diagram tv, however, a slight advance 
of alder accompanied by a retrogression in the mixed oakforest can 
be observed, which may have been due to a deforestation which 
denuded the dryer parts of the area, but left the more humid sections 
intact. The tendency of the alder pollen to increase at the cost of the 
oak pollen continues in Zone 1x. This picture of forest growth on 
poor soil, retreating under human influence, corresponds very well 
with the situation depicted for western Jutland by IVERSEN (1941; 
1949) and by Jonassen (1950). 

A slow rise in the N.A.P. curve, mainly caused by grasses and a 
gradual decrease of the Q.M., is already seen in Zone vi (Diagram I 
and iv). A few pollen grains of the Hordeum type occur in this section, 
together with some scattered grains of Rumex and Plantago. In Zone vill 
cereals are still scarce. From a few pro mille in the lower deposit 
they increase slowly to a maximum of 0.7, resp. | °% in the upper 
part of the section. Most pollen grains are of the Hordeum type; very 
few of the Triticum type are found. It proved impossible to distinguish 
Triticum monococcum, which may have been present. 

HeELBAEK (1952) states for southern Britain that in Neolithic and 
Early Bronze times Triticum dicoccum was the main crop on fertile 
calcareous soils. But ‘‘as later new and inferior areas had to be opened 
up to accomodate the growing population, 7. dicoccum may have 
been unable to hold its own against barley, which is less susceptible 
ecologically”. Jessen and HeLBaEk (1944) give figures with regard 
to the ratio of occurrence of Triticum and Hordeum in the Neolithic and 
Bronze Age. They conclude that in prehistoric times for long periods 
barley must have been the most important cereal, but that in the 
Neolithic Age Triticum dicoccum evidently equalled it. Their conclusions 
are based on the finding of fruits which in these selffertilising genera 
give still better evidence than pollen grains do. 

Nevertheless it seems quite possible that in the northern part of the 
Veluwe Hordeum may have superseded Triticum already in the Neo- 
lithicum because of the soil conditions prevailing in this part. 

In Zone vi Plantago, Rumex and Pteridium increase and begin to 
show continuous curves. Plantago maxima precede those of Rumex, 
the highest values for Plantago being 2.4, resp. 3%. It is most P. 
lanceolata, but there are also a few grains of P. major, P. coronopus and 
P. media. At the top of the Zone Rumex begins to surpass Plantago, 
attaining 2.6, resp. 8 %. 


PALYNOLOGY OF THE ““‘UDDELER MEER” 567 


Gramineae and Calluna increase slowly, the Gramineae remaining 
ahead of the Ericaceae during the entire period. Calluna rises from 
2.8, resp. 3.4 %, to 6.4, resp. 9 4; Gramineae from 8.7, resp. 101%; 
to 11, resp. 16 %. Extensive fields of heather which according ‘to 
Van GirFen (1941) began to develop in the Subboreal, were not 
present in this part of the country; probably there were open spaces 
covered with grasses and patches of heather. 

Artemisia occurs regularly with a few pro mille; Polygonum persicaria, 
P. convolvulus, Sambucus and Rhamnus cathartica are found too (Tables un, 
Vv). 


SUBATLANTICUM (Zone 1x, Diagrams v1 and vu, Table v) 


During this period the sediment undergoes a change; it grows 
thinner and thinner, and so the youngest deposits can not be sampled, 
the deposit flowing out of the auger. At the same time the colour 
lightens up; the deeper samples are still dark brown, the younger and 
thinner ones pale green. 

The boundary line between Zone vu and Ix is not very distinct. 
It is placed were Fagus increases, Corylus recedes slightly, and grasses 
and heather expand. Carpinus stays very low, but begins to show a 
continuous curve. Fagus attains 2.9, resp. 5 %, Carpinus 0.4, resp. 
0.9 °4. The poor quality of the leached sands prevents the expansion 
of those trees, and may also be the cause that Corylus maxima are 
lacking in our diagrams. Myrica is very scarce, only a few pro mile. 

N.A.P. increases to 55.4 %. Alnus expands, and sometimes surpasses 
or equals the mixed oak forest, in which Quercus predominates very 
strongly; Tilia and Ulmus fall down to a few pro mille only. 


AQUATIC VASCULAR PLANTS AND ALGAE 


In this period Trapa natans disappears. Next to a change in the 
climate it seems likely that a change in the chemical composition of 
the water may have been responsible. Potamogeton expands; high values 
for pollen are found together with several fruits. Some could be 
identified as P. obtusifolius, P. acutifolius and P. natans, JEssEN (1955). 
Littorella and Isoetes recide (Diagram v1) ; Ceratophyllum and Nymphaeaceae 
are still present; according to IversEN (1929), they occur in all types 
of water. 

It looks as if the water becomes eutrophic. The green Algae, Scenedes- 
mus, Pediastrum and Tetraedron show a considerable rise, and reach 
very high values in the uppermost deposits. The bulk consists of 
Scenedesmus among which S$. byugatus is the main component, but 
S. costatus and S. quadricauda occur too. The pale green colour of those 
upper deposits is mainly caused by Scenedesmus. Among the Tetraedron 
species 7. muticum predominates, but a new species comes up, Viz. 
T. caudata. Pediastrum boryanum, P. duplex f. subgranulatum and P. 
angulosum occur too, the first species being most abundant. The dark 
brown dy gradually changes into a gyttja in statu nascendt. This coin- 
cides with the cultivation of rye and with the expansion of the fields 
of heather; i.e. with the time when human occupation 1s at its peak. 
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Owing to the deforestation the content of sand in the deposit increases. 
It seems highly probable that the water became eutrophic because 
of man and his refuse. 


CEREALS AND WEEDS 

During the Subatlanticum the cereals continue to increase slowly. 
Hordeum is still the main component, but some Triticum occurs too. 
In sample 5 at 2.05 m under the surface Secale makes its appearance 
with two grains. The values for cereals are then 1, resp. 2 %, Secale 
included. According to MIKKELSEN (1954), the first appearance of 
Secale coincides with the Roman Iron period, RY II. At the same time 
a slight regeneration of the forest and a recession in the N.A.P. may 
be observed (Diagram vi and vm). Archeological finds are rare in this 
period; this together with the behaviour of the vegetation might lead 
to the conclusion, that the region was more or less abandoned in the 
Roman Iron time. MiKKELsEN (1954) supposes that this period was 
warmer and drier than the previous one, so that the cultivation of 
dry soils declined, and the more fertile humid areas became arable, 
which caused a migration of the inhabitants. MopDERMAN (1955) 
states that in the first two centuries of our era, the Betuwe (south of 
the Veluwe, a silt-covered region between the branches of the river 
Rhine) became densely inhabited. In that time the water level fell, 
and the higher parts, i.e. the sand ridges and river banks, became 
habitable. In the first half of the third century many dwelling places 
were abandoned because of the greater humidity of the climate and 
the rising water level, a situation which favoured the drier soils. 
Could it be that there wassa»migration from North to South and 
vice versa? 

While Hordeum and Triticum maintain the same level, Secale at first 
rises slowly and more quickly in the upper samples. Cereals, Secale 
included, reach maxima of 5, resp. 7 %. Centaurea cyanus does not 
occur in our samples. According to MIKKELSEN (1954, 1955) this 
species did not appear in rye fields before about 1300; its arrival 
probably coincided with the introduction of wintercorn. In the upper 
three samples a single pollen grain of Fagopyrum is found. Buckwheat, 
was recorded by VAN Zeist in the Bronze Age (in VAN GIFFEN 1954), 
by MrKKeEtsEN at the close of Iron Age on Bornholm (1954). In the 
same year Dieck published a study on the history of buckwheat in 
which he states that in the Middle Ages Fagopyrum has been imported 
from Eastern Europe. In 1396 it was mentioned for the first time in 
the archives of Niirnberg. 

It seems that in our case Fagopyrum occurred at the close of the 
Iron Age, before Centaurea cyanus appeared in the rye fields. 

Together with cereals, there is a pronounced rise in the values for 
weeds. Rumex surpasses Plantago and attains maxima of 5, resp. 11 %, 
Plantago 2, resp. 4.6 %%. According to WATERBOLK (1958) this might 
indicate a change from cattle breeding and grazing to agriculture. 
Spergula occurs regularly; Polygonium persicaria, P. convolvulus and 
P. aviculare are present. A new element is the pollen either of Humulus 
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or Cannabis, which appears in the form of a regular curve with maxima 
DLcl Pe eSD soe a. 

During the Subatlanticum the Ericaceae rise sharply from 6.4, 
resp. 9 % to 19.6, resp. 44 % in the uppermost sample. In this section 
they surpass the grasses, which rise from 11, resp. 16 %, to 13.5, 
resp. 30 %. For Calluna no percentages of over 100 are met with. 
The very high values for Ericaceae in many Netherlands diagrams, 
however, are from peat, where local influence is considerable 
(BRouwER, 1947, VAN ZINDEREN Bakker, 1948, Van Zest, 1955). 
We could not continue our sampling up to younger historic times and 
had to stop at approximately the early Middle Ages. It is supposed 
that the very great expansion of the fields of heather took place at 
the beginning of the nineteenth century (Jonassen, 1935, 1950). 

At the time of our upper samples the landscape showed oak forest, 
heath, cultivated fields and grassy plains, maybe heather interspersed 
with grasses. This picture of the region is in good agreement with 
EDELMAN’s interpretation of the name “Veluwe” (1958, 1959). He 
points out that ““Betuwe” and “Veluwe” are names often heard at 
old dwelling places, and that they apply to grass fields on former 
forest soil. ““Veluwe’”’ to this sense means “yellow meadow’’, in 
contrast to heath or to green grass fields. As grasses on sandy soils 
after flowering soon turn yellow, the landscape will have had this 
colour during most of the year. 
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SUMMARY 


The diagrams of the ““Uddeler Meer’’ cover the history of the vegetation from 
Late-Glacial (Dryas I) to early historic times. All the analyses have been made 
from organic sediment (mud). 


‘Late-Glacial 


The zonation of JessEN and Iversen (Farcri and Iversen, 1950) is used. In 
Zone 1 (Older Dryas time) no Bolling oscillation could be detected. Juniperus 
attains high values (over 20 %), Artemisia 5 %. ¢ 

Zone ut (Allerad) is characterised by a Pinus maximum in the upper section. 
At that time Pinus forests must have occurred near the bank, as Pinus stomata are 
found in the samples. 

In Zone mm (Younger Dryastime) Juniperus stays low, Artemisia increases, Empetrum 
attains a maximum of 3.9 %, and Dryopteris linnaeana shows a continuous curve 


(maximum 12 %). : 4 j 
The sediments of Zone 1 and 1 are greyish green in colour; the Allerod sediments 
(Zone 11) are olive. The deposits of Zone 1 are rich in lime. 
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Post-Glacial 

Zone Iv (Preboreal) is hardly developed. 

Zones v and vi (Boreal), with maxima of Pinus and Corylus. Again stomata of 
Pinus are found; only in Zone 1 and v Pinus was important. After Zone v1 Corylus 
has no more maxima. 

Zone vu (Atlanticum). In this section the most remarkable feature is that 
Quercus predominates over Alnus, as this is quite exceptional in the Netherlands. 
Viscum and Hedera occur in a few pro mille only. 

Zone vu (Subboreal). After the Ulmus fall, Fagus begins to show a continous 
curve with low values. Fraxinus fluctuates between 2 and 3 %, but shows no distinct 
Maximum. 

Zone 1x (Subatlanticum). Carpinus stays under 1 %, and of Myrica only scattered 
pollen grains were found in the youngest deposits. In the last samples some pollen 
grains of Juniperus and Hippophaé were met with. 


Cereals and Weeds 

Traces of cereals and weeds occur already in the Atlanticum, in the Subboreal 
however they become numerous. Among the cereals Hordeum predominates, 
Triticum is scarce; together they attain a maximum of | %. In the Subatlanticum 
cereals rise, mainly due to the arrival of Secale; the first pollen grains appear towards 
the middle of this section. In the uppermost samples Fagopyrum occurs, Secale rises 
to 4.3 °% and the other cereals to 2.8 %. 

The N.A.P. curve rises gradually, but shows a rapid increase in the Subatlanticum. 

The main components are grasses and Ericaceae; the Gramineae surpass the Ericaceae 
till the point is reached where Secale begins to expand. At the end of the Subboreal 
the Ericaceae attain 23 %, in the Subatlanticum 44 %. The final expansion of 
Calluna must have taken place in late historic times. 
Plantago, Rumex and Pteridium begin to show continuous curves in the Subboreal. 
At first Plantago surpasses Rumex; in the Subatlanticum Rumex (maximum 11 %) 
exceeds Plantago (maximum 4.6 9%). Polygonum persicaria, P. convoloulus and P. 
aviculare occur. In the younger samples Spergula appears; a kind of pollen which may 
be either Humulus or Cannabis shows a continuous curve. 


Aquatic flora 


The ‘‘Uddeler Meer” started as a hard water pond, rich in Characeae. In the 
Older Dryas time Chlorophyceae and Cyanophyceae were present to such an extent 
that they gave colour to the sediment. 

Pediastrum, Scenedesmus, Tetraedron and Botryococcus have been counted. 

Tetraedron has a peak in Zone 1, and decreases rapidly in Zone m, but in the 
Subatlanticum it reappears with high values. 

Scenedesmus stays high up to the Atlanticum; thereafter it falls to low values, 
and reappears in very great numbers in the Subatlanticum. 

Pediastrum is very high in the Late-Glacial, especially in Zone 1. During the 
Post-Glacial it fluctuates around rather high values, and increases strongly in the 
upper Subatlanticum. 
sec is high throughout the entire series; it increases still further towards 
the end. 

Cyanophyceae occurred especially in the Late-Glacial; they could not be identified 
with certainty, and have not been counted. 

As to the aquatic Vascular Plants, Littorella and Isoetes show continuous curves in 
the Atlanticum with relatively high values. 

The most remarkable find is that of Trapa natans pollen in the upper section of 
the Subboreal; it is represented there by one or two grains pro slide. It vanishes in 
the Subatlanticum. 
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Acanthocladium, 272 
dockeri, 272 
extenuatum, 272 
Acanthodium, 272 
bapillatum, 272 
rigidum, 272 
Acanthorrynchium, 272 
Acer, 178 
Acianthus, 349 
Acrocryphaea, 272 
concavifolia, 273 
javanica, 272 
Acroporium rufum, 275 
Acrotonae, 338 
acrotonic, 339 
Actinoschoenus thouarsti, 263 
Adenosachme, 473 
Aerobryidium filamentosum, 273 
Aerobryopsis capensis, 273 
longissima, 273 
AFS (apparent free space), 69 
Agathis, 62 
Agropyron litorale, 454 
pycnanthum, 463 
Agropyro-Rumicion crispi, 316 
Agrostis stolonifera var. stricta, 458 
Alloplectus, 43 
affinis, 44 
circinatus, 45 
coccineus, 43, 44, 46 
coriaceus, 43 
dariensis, 52 
dimidiatus, 49 
doratostylus, 44 
erythroloma, 44, 45 
lanatus, 50 
patrisii, 44 
pendulus, 43 
semicordatus, 44, 47 
syluarum, 47 
Alnetum, 56 
Alnus, 55 
Alocasia indica, 146 
macrorrhiza, 147 
Altingia, 290 
excelsa, 288 
Amblystegiella sprucei, 273 
Anacalypta, 274 
Anacamptis, 346 
Anthurium anderson, 139 
crassinervium, 139 
Antirhea surinamensis, 479 
anti-virus substances, 388 


Apodanthus aphyllus, 274 


Arabidopsis thaliana 
photoperiodism in, 195 
Arceuthobium, 506 
Archidium, 274, 276 
alternifolium, 276 
Armeria maritima, 41, 458 
Armerieto-Festucetum, 464 
Armerion maritimae, 454 
Arrhenatheretalia, 314 
Artemisia maritima, 453 
Artemisietum maritimae, 457 
Arthrostylis, 267 
Aster tripolium, 453 
Astomum alternifolium, 274 
crispum, 274 
auxin content 
in coloured lght, 241 
auxin tests and 
red light, 36 
orange light, 36 
Avena, coleoptile 
AA content in red hght, | 
phototropism in blue light, 1 
growth substance metabolism in, 11 
Avena, seedling 
growth in red light, 1 
growth in far red light, 1 
phototropism in red light, | 
phototropism in far red light, | 
light perception by the primary leaf 
9 


chromatogram of extracts, 
Avicennia, 59 
Axial origin of ovula, 392 


Ballota mgra, 269 
Barbula, 271 
Basistorf, Datierung, 356 
Basitonae, 338 
basitonic, 339 
Batidaceae, 61, 62 
Batrachospermeto-Chaetophoretum, 247 
Batrachospermum moniliforme, 247 
Baumea, 263 
flexuosa, 266 
mariscoides, 266 
Besleria delphinioides, 49 
subcoriacea, 49 
Beta virus 4, 379 
Beta vulgaris 
virus disease in, 378 
Betula pubescens, 427 
Betuleto-Varcinietum lapponicum, 429 


Be; 


574 


Blephariglottis ciliaris, 346 
blue light 

on flowering, 189 

on elongation, 189 
Bonatea, 347 
Botrychium lanceolatum, 424 
Bromeliaceae, 61 
Brometalia, 316 
Bryophyta, 55 
Bryum sp., 458 
bursicle, 342 
Buxbaumietum, 312 


Caladenia, 349 
Caladium bicolor, 145 
humboldtu, 144 
schomburgku, 144 
Calluna vulgaris, 427 
Calthion, 314 
Calyptrochaeta cristata, 274 
Carex buxbaumii, 304, 424 
extensa, 458 
Carex hornschuchiana-Amblystegium- 
karrang, 312 
Caricion lasiocarpae, 312 
Carpinus, 178 
Casnoidea interstitialis, 257 
Casuarina junghuhniana, 62 
cataphyll, 507 
Catapodium marinum, 40 
cellophane and 
cellulose decomposition, 490 
cellulose decomposition 
in forest soils, 490 
Centrolepidaceae, 62 
Centrosolenia conferta, 52 
decurrens, 53 
lineata, 53 
Ceratandra, 348 
Chaetonema irregulare, 249 
Chaetophora incrassata, 247 
Chaetospora capillacea, 264 
Chapelliera, 263 
laxa, 264 
Chenopodiaceae, 61 
Chenopodium amaranticolor 
photoperiodism in, 191 
Chimaphila, 423 
Chrysanthemum parthenium 
photoperiodism in 195, 215 
Cichorium endivia 
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Cirsieto-Molinietum, 312 
Cladium, 263 

borneense, 264 

cyperoides, 264 

distichum, 264 

gaudichaudii, 266 

jamaicense, 263 

lami, 266 

mariscoides, 264 

mariscus, 264 

melleri, 264 

monocarpum, 264 

pantapodum, 264 

procerum, 264 

stradbrokense, 267 

undulatum, 266 

vauthiera, 264 
Cladophora glomerata, 249 
Cladophoretum glomeratae lacustre, 249 
Cnidio-Juncetum, 312 
Coconut 

embryosac-vacuole in, 493 
Coeloglossum, 345 

viride, 346 
Coleochaete scutata, 250 
Collanara (Columnea sect.), 49, 50 
Colocasia esculenta, 145 
Columnea dimidiata, 49 

guianensis, 49 

lanata, 50 

latisepala, 50 
Connaraceae, 62 
Corallorhiza trifida, 426 
Corylus, 58 
Coumarin 

and epinasty, 241 
Crantzia pseudocordata, 44 

semicordata, 47 
critical daylength, 222 
““Cryphaea”’, 272 
Cyathicula coronata, 274 
Cypripedioiaeae, 338 


Dactylorchis, 340 

maculata, 342 
Dalzellia, 473 

fSoliosa, 473 

lawii, 473 

pedunculosa, 473 

ramosissima, 473 

zeylanica, 475 
Dendrophthora, 506 
Dianthus deltoides, 458 
Dieffenbachia paludicola, 140 
Dipterocarpaceae, 62 
Disa maculata, 347 


uniflora, 347 
Disperis, 348 
disposition phenomena 

in phototropism, | 
Diuris, 349 
Dolichotheca, 274 

repens, 274 
Draparnaldia plumosa, 250 
Drymonia calcarata, 50 

delphinioides, 49 

latisepala, 50 

oxysepala, 50 

serrulata, 50 


electron microscopy 

of mold extracts, 500 
elongation 

spectral dependence of, 189 
Elymus arenarius, 458 
Elytrigia litoralis, 463 
embryosac-vacuole 

in coconut, 493 

amino acids in, 495 

macronutrients in, 495 

micronutrients in, 496 

sugars in, 495 
Empetrum nigrum, 427, 458 
Engelhardtia, 370 


Engelhardtioid pollen-forms, 369 


Enteromorpha prolifera, 250 
Epidendreae, 338 
Epidendrum, 338 
epinasty 
in coloured light, 241 
and coumarin, 241 


and penta-chlorophenoxy-acetic acid, 


241 
Epipactis, 340 
confusa, 349 
gigantea, 351 
leptochila, 349 
muelleri, 349 
palustris, 351 
Episcia ciliosa, 51 
conferta, 52 
dariensis, 52 
decurrens, 53 
lineata, 53 
porphyrotricha, 51 
Erica tetralix, 427 
Eriopus, 274 
Erythranthus, 43 
Erythroxylaceae, 62 
Eu-Acanthocladium, 272 
Eugenia, 290 
Euphorbia pulcherrina 
photoperiodism in, 195 
Euphrasia litoralis, 458 
Eusideroxylon, 62 


Fageto-Quercetum petraeae, 156 
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Fagus, 56, 175 
Festuca rubra, 41, 453 
Festuceio-Galietum maritimi, 438 
Fimbristylis monostachyos, 267 
stradbrokensis, 267 
Flora of Africa, 54 
tropical America, 43, 58, 61 
Malesia, 61, 62 
the Netherlands, 40 
Suriname, 58, 61 
flowering 
spectral dependence of, 189 
foliage internode, 509 
Fraxinus, 161 


Galeorchis, 345 
Gahum trifollum, 424 
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Genista anglica, 427 
Gesneriaceae, 43 
gherkin 
growth in darkness, 234 
gibberellic acid 
Rf- value of, 25 
activity in curvature test, 25 


activity in straight-growth test, 25 


Glaux maritima, 458 
Glossodia, 349 
Goodyera, 338 

repens, 422 
green light 

on flowering, 189 

on elongation, 225 
Grimmia julacea, 272 
growth 


the influence of red light on, | 


the influence of far red light on, | 


Gymnadenia, 346 
Gymnadenia albida, 424 


Habenaria, 338 
arietina, 347 
ciliaris, 346 
susannae, 346 
Halimione pedunculata, 466 
portulacoides, 453 
Halimionetum portulacoides, 453 
Halophila, 484 
baillonis, 485, 488 
beccarui, 485 
decipiens, 484, 485 
decipiens var. pubescens, 485 
engelmanni, 485, 488 
linearis, 485 
minor, 484 
ovalis, 484 
spinulosa, 485 
stipulacea, 484 
Hedera, \61 
Helichrysum, 272 
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Herbacea (Besleria subsect.), 49 foliosa, 475 
Herminium monorchis, 342 longipes, 473 
heterophylly, 506 pulchella, 473 _ 
Heteropsis longispathacea, 140 ramosissima, 475 
Hivwntoglossum, 345 zeylanica, 473 
Holothrix, 348 Leontodon autumnalis, 458 
Hookeriaceae, 275 Leptoceras, 339 — 
Hookeria splendidissima, 275 Leskea acidodon, 275 
Hydrocharitaceae, 62, 484 seligert, 275 en 
Hylocomieto-Betuletum tortuost, 429 light cabinet, 196 
Ayoscyamus niger light intensity 
photoperiodic reaction of, 191 on photoperiodism, 194 
Hypericum canadense, 185 on elongation, 226 
Hypnum repens, 274 Limonium vulgare, 453 
Linnaea borealis, 422 
Ilex, 179 Listera, 340 
indole-3-acetic acid, 2 cordata, 422 
in irradiated coleoptiles, 16 long-day treatment with 
in non-irradiated coleoptiles, 16 white light, 198 
Indotristicha, 474 coloured light, 199 
ramosissima, 475 near infared radiation, 200 
internode, 509 Luzulo-Fagion, 437 
Isoetes tenella, 424 Lycopodium annotinum, 422 
Lsopterygium seligeri, 275 Lyngbya digueti 458 
Juncetalia maritimi, 462 Machaerina, 263 
Junceto-Caricetum extensae, 464 acuta, 266 
Juncetum gerardi, 460, 461 articulata, 264 
Juncus anceps, 458 aspericaulis, 264 
gerardi, 458 deplancher, 265 
stygius, 424 flexuosa, 266 
gaudichaudu, 266 
Kalanchoé blossfeldiana gunnii, 264, 266 
photoperiodism in, 191 i irtdifolia, 264 
Kerosphaereae, 339 lamii, 266 
Korthalsella, 506 laxa, 264 
mariscoides, 266 
Laboulbenia asiatica, 260 nuda, 266 
bottegor, 260 scipoidea, 264 
casnoniae, 260 sinclairti, 265 
concinnae, 257 stradbrokensis, 267 
equatorialis, 260 Macrochlamys, 43 
eudaliae, 260 patristi, 43 
falcata, 260 Macrohymenium acidodon, 275 
flaccida, 260 rufum, 275 
flagellata, 259 Magnocaricion, 312, 316 
heimansii, 257 Marantaceae, 61 
imitans, 259 Mentha longifolia 
longicollis, 261 elongation in coloured light, 225 
minima, 260 mesocotyl 
polyphaga, 259, 261 action spectrum of growth inhibition, 
rhinophora, 259 10 
triordinata, 260 Metroxylon, 62 
Laboulbeniales, 257 Mirabilis jalapa 
lactic acid : elongation in coloured light, 225 
accumulation in molds, 498 Mnmianthus pulchellus, 473 
Laguncularia, 59 zeylanicus, 473 
Lamprophyllum, 275 Molinietalia, 313 
Larix leptolepis, 422 Molinietum typicum, 312 
Lauraceae, 290 Molinion, 312 


Lawia, 473 Musci, 271 


Myosotis, 330 
arenaria, 331 
arvensis, 330 
collina, 331 
discolor, 330 
hispida, 330 

var. dunensis, 332 
var. major, 332 
intermedia, 331 
mucrantha, 330 
Scorpioides a arvensis, 330 
B palustris, 330 
versicolor, 331 
Myrothecium, 490 
Myrtaceae, 54 


Nardetalia, 315 
Nasturtium palustre 
photoperiodism in, 195 
Neobesleria (Besleria sect.), 49 
Neottieae, 338 
Nicotiana glutinosa 
virus disease in, 377 
rustica 
virus disease in, 377 
tabacum 
virus disease in, 377 
virus: I, 379 
Nieuwedia, 342 
nightbreak treatment, 210, 217 
Nigritella, 346 
Nitroso hydroxyaryl compounds 
and virus diseases, 373 


Obione portulacoides, 462 
Operculatae, 338 
Ophrydeae, 338 
Ophrys, 338 
orange light 
on phototropism, 4 
on the standard Avena test, 7 
Orchioideae, 338 
Oxycocco-Sphagnetea, 316 
Oxycoccus macrocarpus, 428 
paluster, 427 


Palynology, 55, 547 
Paradrymonia (Episcia sect.), 52 
Parapholis strigosa, 40, 458 
Pecteilis susannae, 
penta-chlorophenoxy-acetic acid 
and epinasty, 241 
Perilla 
photoperiodism in, 191, 217 
Peristylus viridis, 346 
Petunia hybr. 
photoperiodism in, 195, 215 
Pharbites nil. 
photoperiodism in, 216 
Phascum alternifolium, 274, 275 
subulatum, 276 
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Phaseolus viruses 1 and 2, : 


‘s) 


Phaseolus vulgaris 


virus disease in, 378 


Philodendron dioscoreoides, 150 


Sragrantissimum, 150 
guttiferum 

var. guttiferum, 150 
hederaceum, 153 
Jacquinit, 151 
jenmani, 150 
longepetiolatum, 151 
ornatum, 152 
Sphalerum, 150 
Splitgerbert, 150 
wayombense, 153 


Phoradendron, 506 
photoperiodic reaction of 


Salvia occidentalis, 189 
Alyoscyamus niger, 189, 215 
Xanthium pennsylvanicum, 191, 216 
Chenopodium amaranticolor, 191 
Perilla, 191, 217 

Salvia occidentalis, 191 

Kalanchoé blossfeldiana, 191 

Stnapis alba, 195, 215 

Arabidopsis thaliana, 195 
Nasturtium palustre, 195 
Chrysanthemum parthenium, 195, 215 
Petunia hybr., 195, 215 

Euphoria pulcherrima, 195 
Pharbites nil, 216 

Raphanus sativus, 216 


phototropism 


the action spectrum of, 10 
the influence of red light on, 1 


the influence of far red light on, 


Phragmites communis, 247, 458 
Phragmitetalia, 316 
Phyllodoco-Vaccinion, 429 
Phytolaccaceae, 61 

Picea abies, 422 

Piceion septentrionale, 429 


pigments and 
photoreactions, 223 


pine forests, 422 
Pineto-Vaccinietum atlanticum, 433 
Pineto-Vaccinietum myrtilli, 432 


arctostaphyletosum, 429 


Pinetum variscum, 437 
Pinus cembra, 428 


merkusti, 62 
mugo, 428 
nigra, 422 
sylvestris, 422 


Piperaceae, 61 

Pityosporites microalatus, 369 
Placenta, 392 
Plagiotheciaceae, 274 
Plagiothecium, 275 

Plantago coronopus, 41, 458 


lanceolata, 175 
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maritima var. dentata, 453 

var. leptophylla, 458, 465 
Platanthera, 338 

bifolia, 345, 352 

blumet, 345 

chlorantha, 345 

hookeri, 345 

orbiculata, 345 

susannae, 346 
Platydictya sprucei, 273 
Platyhypnidium rusciforme, 247 
Pleuridium, 274, 275 

alternifolium, 275 

globiferum, 276 

subulatum, 276 
pleurotonic, 339 
Poa annua, 458 

pratensis, 458 
Podostemaceae, 473, 477 
Pohlia, 275 
pollen analysis, 55 
Pollen-grain size, 369 
Polypodieto-Empetretum, 438 
post-boreal vegetational 

history, 156 
Potamogeton filiformis, 424 
Pottia, 271, 276 

heimit, 465 

truncata, 276 
Prasophyllum, 349 
prophyll, 507 
Pseudoscleropodium purum, 440 
Pseudotsuga menziesii, 422 
Pteridophyta, 55 
Pterostylis, 339, 349 
Pterygodium, 348 
Puccinellia maritima, 453 
Puccinellietum maritimae, 453 
Puccinellion maritimae, 454 
Puccinellio-Salicornion, 463 
Pyrola chlorantha, 424 

minor, 423 


rotundifolia, 423 


Querceto-Betuletum, 156, 422 
Querceto-Carpinetum subatlanticum, 156 
“Quercetum-mixtum sensu lato”? 159 


rainforest, 277 

Raphanus sativus 
photoperiodism in, 216 
red-infrared antagonism on 
auxin induced growth, 190 
elongation, 189 
Ceca diurnal rhythm, 190, 
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fern spore germination, 190 
flowering, 189 
indoleacetic acid oxidase, 190 
leaf expansion, 190 
pigment formation, 190 


INDEX 


protochlorophyll formation, 190 
seed germination, 190 


tactic movements of chloroplasts, 190 


Remirea maritima, 263 
respiration 
in mold extract, 500 
Restionaceae, 62 
Rhizophora, 58 
harrison, 58 
mangle, 58 
mucronata, 58 
racemosa, 58 
Rhizophoraceae, 58, 61 
Rhodoreto-Vaccinion, 428 
Rhyncholacis minima, 477 
Rhynchosporeae, 263 
Rhynchosporoideae, 263 
Rhyzophlictis, 490 
Rivina humilis 
elongation in coloured light, 225 
Rivularia biasolettiana, 250 
R.L.F. (red-light factor), | 
extraction of, 18 
isolation of, 18 
chromatogram of, 18 
on IAA-induced curvatures, 18 
identity of, 24 
and phototropism of Avena 
rostellum, 338 
Rubiaceae, 479 
Rubidium (labelled) 
ions in pea roots, 68 
translocation and transpiration, 71 
exchangeability of, 71 
transport from root to shoot, 71 


Sagina maritima, 41, 458 

procumbens, 458 
Saginetum maritimae, 461 
Salicornia europaea, 453 
Salicornietum europaeae, 453 
Salix, 57 

repens, 427 
salt marsh vegetation, 449 
Salvia occidentalis 

photoperiodism in, 191 
Satyrium, 348, 350 

nepalense, 350 

ryncanthum, 348 
scale-leaf, 507 
Scheuchzerio-Caricetea fuscae, 313 
Schima, 290 
Schimperobryum, 275 

splendidissimum, 275 
Schizophyllum commune 

carbohydrate breakdown by, 497 
Schoeneae, 263 
Schoenobryum julaceum, 273 
Schoenus, 267 

acutus, 266 

nudus, 266 


punctatus, 264 
Scirpeae, 267 
Scirpus iridifolius, 264 
Scottish pine, 422 
Sedum acre, 458 
Sematophyllaceae, 275 
Serpo-Leskea, 273 
Sinapis alba 

photoperiodism in, 195, 215 
Solanum lycopersicum 

virus disease in, 378 
Sonchus arvensis, 458 
Spartina townsend, 452 
Spergularia marginata, 454, 458 
Sphagnum, 425 

cuspidatum, 176 
Spiranthes, 338 
Staphylotrichum, 490 
Staurogyne latibracteata, 482 
Stellaria graminea, 392 

media, 392 
Stigeoclonium tenue, 250 
Suaeda maritima, 454 
Suriname, 58, 61 
Syzygium germainii, 54 

gilletii, 54 

glorgu, 54 

parvulum, 54 

rowlandu, 54 


Taraxacum aequilobiforme, 125 
aestivum, 117 
apenninum, 82 
aurantellum, 105 
callosum, 127 
carinthiacum, 83 
complicatum, 128 
corsicum, 107 
crocellum, 119 
cucullatiforme, 123 
cucullatum, 121 
fontanicolum, 108 
fontaniforme, 122 
fontanosquameum, 110 
fontanum, 104 
helveticum, 85 
krattlii, 79 
mattmarkense, 86 
oreophilum, 88 
panalpinum, 88 
parsennense, 91 
peralatum, |11 
perfissum, 129 
petiolulatum, 93 
pohlii, 113 
praeticum, 130 
pseudoboreigenum, 115 
pseudofontanum, 94 
reophilum, 132 
rhaeticum, 134 
rufocarpum, 124 
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saasense, 95 
schroeterianum, 123 
serpentinum, 136 
silvicolum, 116 
tiroliense, 121 
venustum, 98 
vereinense, 97 
vernelense, 99 
vetteri, 101 
Taxus, 178 
Terniola foliosa, 473 
lawiti, 473 
longipes, 473 
pedunculosa, 473 
pulchella, 473 
ramosissima, 473 
zeylanica, 473, 475 
Thelymitra, 349 
Thero-Salicornion, 463 
Thrauosphaereae, 338 
Tilia, 161 
Tolypothrix lanata, 249, 250 
tomato 
elongation in coloured light, 230 
Trachystylis foliosa, 267 
stradbrokensis, 267 
Triatriopollenites coryphaeus, 369 
tricarboxylic cycle in molds, 497 
Tricolporopollenites iliacus, 369 
kruschi, 369 
microiliacus, 369 
Tricostularia, 266 
Jimbristyloides, 266 
undulata, 267 
Trientalis europaea, 423 
Triglochin maritimum, 453, 462 
Trismegistia, 272 
Tristicha ramosissima, 475 
zeylanica, 473 
Tulasnea foliosa, 475 
lawti, 475 
pedunculosa, 475 
ramosissima, 475 
zeylanica, 475 
Typha, 247 
Typhonium flagelliforme, 149 
roxburghit, 149 
trilobatum, 149 


Ulmus, 161 


Vaccinio-Piceetalia, 423, 425 

Vaccinio-Piceion, 423 

Vaccinium myrtillus, 423 
uliginosum, 427 
vitis-idaea, 423 

vagina cataphyllaris, 508 

Vanda, 338 

Vandeae, 338 

Vicia faba 


virus disease in, 378 
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Vincentia, 263 
Violeto-Corynephoretum ae. 438 
virus diseases and 

nitroso hydroxyaryl compouncl, 373 
‘viscidia, 338 
Viscum, 179, 506 


Xanthium pennsylvanicum 


photoperiodism in, 191 _ 
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